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INTRODUCTION 
For nearly a century, the U.S. Department of Agriculture 
has been collecting samples of cultivated species from around 
the world (Hyland, 1975)- Early on, these were collected and 
immediately dispensed to seedsmen and gardeners. During the 
past 75 years, however, a conscious effort has been made to 
assemble and maintain collections of samples of agricultural 
species for use in improving these species through plant 
breeding. 
At about the same time that the world collections were 
seriously being initiated by the U.S. Department of Agriculture 
N. I. Vavilov derived the phytogeographic basis for plant 
exploration (Vavilov, 1922). He and his colleagues at the 
USSR Institute of Plant Industry delineated geographic centers 
of genetic diversity for each agriculturally important species 
and its wild relatives. Vavilov (1922) proposed that these 
centers of genetic diversity corresponded to centers of origin 
for the agricultural species. Obviously, these centers of 
genetic diversity represent vast treasuries of genes that can, 
and probably will, prove not only valuable but necessary for 
making continued improvement in agricultural species through 
plant breeding. 
Until the past two to three decades, the gene pools in 
the centers of origin were rather dormant entities which in­
terested evolutionists, but generated little enthusiasm among 
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plant breeders. Recently, however, interest in and concern 
for "natural gene pools" has intensified because (a) it appears 
that genes from these pools may represent the resources by 
which great genetic improvements can be made in cultivated 
plants and (b) modem agricultural technology is spreading 
into the centers of maximum genetic diversity and, as a conse­
quence, the natural gene pools are being threatened with ex­
tinction. It appears that the only way to preserve the natural 
genetic heritage is to collect samples from it and store them 
for future use. 
Obviously, it is not possible to preserve all materials of 
a species present at any one or several points in time, so 
samples must be taken in such a way that, insofar as possible, 
they do not duplicate one another in genetic endowment, but 
yet, to the extent possible, all genes are preserved. Meth­
odologies of collection to meet these two goals have been the 
subject of several studies (Bennett, 1970; Marshall and Brown, 
1975)» but further research is needed in these general areas. 
Intense effort on exploration and collection of plant 
samples have resulted in some very large world collections. 
For example, the International Rice Research Institute (IRRI) 
has assembled a world collection of over 35»000 rice strains 
(IRRI, 1975)' With such vast numbers, oftentimes a plant 
breeder is at a loss on how to select lines from such a vast 
number for use in a breeding program. For some traits, such 
as pest resistance, direct tests can be made on the samples in 
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the World Collection to sort out those to use, but for many 
other traits, e.g., productivity, the breeder can do little 
better than use a random sample. 
Because there is evidence of systematic genetic variation 
according to macro-geographical areas, and even some evidence 
for genetic stratification in centers of genetic diversity, I 
undertook the present study. If genetic stratification could 
be associated with relatively small niches, such evidence would 
be useful both to the plant collector for maximizing genetic 
diversity with minimal samples and to the plant breeders in 
selecting the appropriate collections for his goals. The study 
was performed on Avena sterilis L., a wild relative species of 
oats. I used samples of this that originated from its entire 
habitat, and each sample was assayed for 15 traits. My 
specific objectives were (a) to study the genetic variability 
among A. sterilis samples, (b) to see if there is a particular 
pattern of variability for the characters, (c) if this pattern 
is present, whether there is a connection between geographical 
region and particular character(s), and (d) to evaluate the 





The transition from the ancestors of modem crop species 
to present-day cultivars has narrowed the genetic bases of 
these species. Selection for agronomic uniformity and closely 
defined objectives has led to a marked reduction in genetic 
variation and, according to Frankel and Bennett (1970), there 
always is a tendency to restrict the gene pool from which 
parental material is drawn. The latter results as a conse­
quence of achieving, high levels of productive capacity by 
breeding within a restricted but well-adapted gene pool. Back-
crossing which has been used so extensively to introduce de­
sired genes such as those for disease resistance into breeding 
stocks has caused minimal disturbance of the genotypic struc­
ture in these well-adapted types. Narrowing the genetic base 
of agricultural species has been intensified in recent years 
due to the widespread introduction of cultural measures that 
minimize, or even remove, environmental differences over 
wide areas (Frankel, 1959)» 
The 1970 epidemic of southern com leaf blight (Helmin-
thosporium maydis) in the U.S. (Van Der Plank, I968) probably 
did much to awaken plant breeders, and society in general, to 
the vulnerability of our agricultural crops due to the narrow 
genetic bases. Now, plant breeders are aware that an essen­
tial feature of a dynamic breeding program is to develop and 
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maintain diverse gene pools. These gene pools or populations, 
to meet both short- and long-term breeding goals, must differ 
in levels of evolutionary progress, in ecological adaptation 
and adaptibility, and in population structures (Frankel and 
Bennett, 1970). Whereas, in the past primitive varieties and 
wild and weedy relatives of crop species have been used as 
donors of oligogenes, such as those for pest resistance, it is 
now evident that they can play a broader and more significant 
role in improving adapted varieties. 
The principal vehicle for improving plants today is to 
combine different germplasms each of which possesses valuable 
genetic factors. According to Ward (I962), breeders of small 
grain have relied almost exclusively on naturally evolved 
genetic material for developing improved varieties, and with 
consistently new demands for improvements in using traits of 
agricultural species the collection for useful germplasm needs 
to be enlarged, and breeders need knowledge of the evolutionary 
background of each crop (Ward, 1962). 
Harlan (1956) said "it is well known that the genetic 
variability of a species is not distributed uniformly over 
the range of the species." Further, he stated that centers of 
diversity are largely the result of exceptionally active evolu­
tionary forces operating at present in those areas. He found 
areas in which concentrated varietal diversities of a crop 
exist. These he called "gene microcenters" or "discrete con­
centration patterns" and usually they occur on plains and in 
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mountainous areas. 
Evidence for Genetic Stratification in Geographic Regions 
Most "biologists agree that mutation is the ultimate source 
of variation. A fundamental principle of De Vries (I9I0) 
mutation theory is that specific alleles arise via mutation 
without any relation to their possible significance in the 
struggle for life. This implies randomness of the mutational 
event, and also, randomness of the geographical location where 
the mutation occurs. Therefore, any stratification of genetic 
variation that may be associated with geographical area must 
originate via selection or perhaps migration. 
Some variation among plants is correlated with geographi­
cal regions rather than with species* specific characters. 
Radford et al. (1974) explained that this type of correlation 
is due to selection pressures which act on one or several 
species in a given area because of the particular climatic or 
agricultural conditions present there, or the presence of a 
particular disease or parasite in the area. Hawkes (1958) 
cited several classical examples: (a) the presence of early 
maturing wheats and barleys in Ethiopia due to the agricultural 
practices there and (b) the resistance to potato root eelworm 
in varieties belonging to several different cultivated and wild 
potatoes (Solanum spp) in southern Peru, Bolivia, and northern 
Argentina. The literature giving examples of this sort will 
be discussed later in this section. Vavilov (1922), of course, 
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had this situation in mind when he formulated the Law of 
Homologous series. 
Allard (1970) reported that collections of a species from 
widely separated geographical areas usually differ from one 
another in morphological characteristics, and experienced 
observers frequently can identify the area of origin of a 
strain from its morphological characteristics. In addition to 
geographical variability for morphological traits, disease 
resistance, and other conspicuous traits, there is also 
geographical variability, of a less obvious, "but perhaps ulti­
mately more important kind. Harlan (1957)i in discussing this 
type of quantitative variability in barley, stated that in 
each local area; 
There has evolved a type peculiarly fitted for condi­
tions as they exist there. Slight changes in altitude 
are accompanied by corresponding changes in the barleys. 
The barleys from each tiny area are made up of large 
number of strains that look much alike. Even out of the 
plains where the superficial appearance of the crop may 
be the same over a large area, these constituents are 
present in endless variety and shift as one goes to 
drier or colder sections. 
Gregor (1933) reported that ecological factors are a 
major determinant of genetic diversity. For example, climatic 
factors such as maximum and minimum average temperatures, 
daily and annual temperature range, annual distribution of 
temperatures, precipitation and the seasons of dormancy and 
growth, light intensity, and day length are all reflected in 
corresponding developmental characteristics. They also lead 
to a generally clinal distribution of variation patterns. 
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Topographically and edaphically determined differentiation 
may show either a clinal (most typically with altitudinal 
differences) or a mosaic distribution. 
Vavilov (19^0) stated that parallel ecotypic differentia­
tion is found in diverse and related groups of cultivated 
plants exposed to similar habitats. The same parallelism in 
wild ecotypes led Turesson (1922) to propose experimental 
taxonomic categories within species to describe the ecotypic 
forms characteristic of certain types of habitats; the 
categories 'aecotypus alpinas', ^submountanus', and 
'alluvialis' refer taxonomically, for example, to the ecotypic 
forms characteristics of alpine, submountain, and lowland 
habitats, respectively. This ecotypic parallelism is of great 
interest in plant exploration, and is a valuable guide in 
exploration planning. It underlines the importance of studies 
of the physical habitat as well as of genetic variation and 
its distribution. 
Bennett (I97O), to illustrate this concept, refers to 
the Iranian-Turkestan agroecological region which is dis­
tinguished by an extremely hot and arid climate with summer 
drought, fierce and persistent drying winds, and relatively 
severe winters. Ecotypes of many different taxa of cultivated 
plants in this region typically possess a low or semi-
prostrate habit with weak shoot development, slow early 
growth, drought resistance at maturity, and extreme sus­
ceptibility to fungal diseases when grown under less arid 
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conditions. Wheats are commonly short and coarse strawed, 
coarsely turned and awned, difficult to thresh,and possess 
other speltoid characteristics. In this region, they have 
found a strikingly drought-resistant, nonshattering ecotype of 
Triticum aestivum widely distributed in dry-farming areas of 
northeastern Badakhshan. Location selections of this ecotype 
equal the best of the introduced high-yielding Mexican wheats 
in yield, and far surpass them in quality and germinability of 
the grain. Semiprostrate or bushy ecotypes of barley, flax and 
alfalfa, rapidly maturing and drought-resistant, are also 
found (Bennett, 1970). 
In one of the earliest studies of natural populations in 
which adequate quantitative data were collected, Knowles (194-3) 
made collections of soft brome (Bromus mollis), a highly self-
pollinated annual grass, along a transect from the cold, 
humid coastal regions of northern California to the warmer 
semiarid Sacramento Valley to the interior. His data from 
progenies grovm in a common environment showed that plant 
height and time of maturity decreased steadily but tillering 
capacity increased steadily with increasing aridity. Allard 
(1970) gave more examples of this kind of clear and distinct 
clinal patterns. Seed size in burr clover (Medieago hispida) 
decreases progressively with increasing altitude, petal length 
in common crowfoot (Erodium cicutarium) increases with in­
creasing rainfall, leaf length in foxtail barley (Hordeum 
nodosum) decreases as mean temperature increases and rainfall 
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decreases, and wild oats (Avena fatua) from deep fertile soils 
are more robust and tiller more profusely than wild oats from 
shallow infertile soils. 
Endosperm type distribution of corn prior to the spread of 
hybrid maize has been studied by Kubshov (1929). He reported 
that in the Old World, samples were primarily of the Indurata 
group due to the nature of the native germplasm and to the 
climatic adaptation of this type. Everta, saccharata, and 
ceratina types were not found in the New World collections but 
were present in the Old World. Ceratina type endosperms were 
only found in collection from China and Japan. Collections 
from Iran and Afghanistan were only of Indurata type. 
In other agroecological regions similar relationships 
between climate and the general nature of the indigenous 
samples of a species may be seen. Hawkes (1958) reported that 
certain primitive cultivated species of potato, such as 
Solanum iuzepezukii and S. curtilbbum, grown at 3500 meters and 
above in the high Andes, are highly frost resistant, while 
others, such as S. phure.ia from the lower east facing valleys, 
have no tuber dormancy and can be grown throughout the year. 
Wild species showed an even greater range of adaptation from 
drought and heat resistance types growing at or near sea level, 
to frost resistant types, such as S. acaule that grow above 
4000 meters in the Andes and S. demissum in central Mexico. 
Cooper (1970) reported that in wheat and barley, locally 
adapted Indian or Mediterranean varieties, though of low yield. 
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have proven to be valuable sources of genes for early maturity 
and short life cycle to improve adaptation to a short growing 
season, such as one limited by summer drought in southern 
Australia or by winter cold in Canada. 
According to Allard (1970) in the U.S. Department of 
Agriculture barley collection, 75?^ of the genotypes with re­
sistance to net-blotch disease (Pyrenophora teres Drechs) come 
from Manchuria, an area that contributed only 12^ of the total 
collection. Similarly, Hessian fly-resistant samples abound 
in North Africa and greenbug-resistant types originate in 
China or Korea. Genes for resistance to bunt disease of 
wheat are common in Crimean wheats. 
From the testing of 10,000 entries, including 25^0 IRRI 
accessions, 100 wild forms, and more than 7000 IRRI breeding 
lines, Chang et al. (1975) found that the only source of re­
sistance to grassy stunt virus occurred in a strain of Oryza 
nivara from India. The most resistant variety to tungro 
virus was from India; however, many sources of resistance were 
found in accessions from other countries. 
Resistance genes for barley yellow dwarf virus disease 
have been found in the World Collection of barley (Orlov, 
1929). but most of these genes have been found in the Ethiopian 
samples. Schaller et al. (I963) found that 21^ of the barleys 
from Ethiopia were resistant to barley yellow dwarf virus. 
Qualset (1975). after evaluating the Ethiopian collection for 
resistance to barley yellow dwarf virus, found that out of 413 
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collections, 64.70 of them were from elevations more than 
12,000 feet and only 3.8^ were from elevations less than 7,000 
feet. He concluded that ecological features of the high ele­
vation sites apparently are more favorable for the virus and 
the aphid vector, resulting in natural selection for resistance. 
Qualset (1975) "believed it unlikely that additional sources of 
resistance will be found in geographic regions other than 
Ethiopia. Orlov (1929) pointed out that the distinctiveness 
of Ethiopian barley as "a marked ecological type" strongly dif­
fered from the types of Asia and Europe. He described 
Ethiopian barleys as having a long tillering period, large 
numbers of tillers, long and narrow leaves of milky green 
color, a trapezoid-shaped ligule, open flowering, and large 
grains. Giessen, Hoffman, and Schottenloher (cited in Qualset, 
1975) recognized 12 regions in Ethiopia based on geographic, 
geologic, climatic, and agricultural features and collected 
barley from 10 of these. They identified 170 different morpho­
logical types which were classified as 68 varieties, based on 
"systematically important" characters. Several characteristics 
believed important from a plant breeding point of view were 
tillering, straw strength, kernel size, disease resistance, 
and high protein content. 
Hawkes (1958), working with potatoes, reported that among 
the wild species, there are tv/o important gene centers; 
(a) Mexico and (b) Peru, Bolivia, and northwest Argentina. In 
the Mexican center, genes for resistance to Phytophthora, to 
13 
several viruses (the Y group), and to insects are found. In 
the Andean area some genes for resistance to Phytophthora 
are found, resistances to Heterodera rosta Chiensis, viruses 
and insects are knov/n in Solanum chacoense, and several 
species in both centers show useful resistance to bacterial 
disease. 
Ashri et al. (1975) studied the World Collection of 
safflower (Carthamus tinctorius L,) for plant height and 
length of planting to flowering period. Lines from the Indian 
subcontinent, Egypt, Morocco, Spain, Portugal, and France were 
early, whereas those from Turkey and Ethiopia were late. 
Plant heights for lines from the Indian subcontinent were 
short, whereas those from Iran, Afghanistan, Turkey, and 
Ethiopia were tall. Kjellqvist (1975) reported that rice 
collections from Europe, Japan, and Korea are thermo or 
photoperiod sensitive and susceptible to tropical virus dis­
eases and to the insect vectors that carry them, and the 
African rices are extremely susceptible to bacterial leaf 
blight and virus disease. Ifugoo rices from high elevation 
in the Philippines have erratic growth behavior at Los Banos 
which is located in the lowlands. Konzak and Dietz (I969) 
referred to two plant introductions of wheat from Turkey (P.I. 
178383) and Kenya (G.I.12471) that have been used widely as 
sources of resistance to wheat smut and stem rust,respectively. 
Ward (1962) found that in the USDA collection of barley, 
37 characters in seven spike categories were unevenly 
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distributed among world geographic regions. Whereas, 6-row 
spike types were widely represented from all regions, 2-row 
spike types came mainly from the Black Sea region. White 
kernel color types were widely dispersed but black types came 
from Ethiopia and the Caucasus, and purple from Ethiopia, 
Central Asia, and China. Rachilla hair lengths, both long and 
short, were obtained from various regions except Korea, where 
all lots had long rachilla hairs. Munck et al. (1970) dis­
covered hyproly barley (P.I.60693) only in Ethiopian 
collections. 
Valuable maize germplasm has been found among introduced 
materials such as Zapalote chico (P.I.217413), a white dent 
corn, used as a source of resistance to the com earworm. This 
introduction originated in southern Mexico but it can be grown 
as far north as Minnesota because it is photoperiod insensi­
tive. According to Creech and Reitz (1971) this plant intro­
duction is 8-10 rowed, short eared (about 5 inches), and has 
very dented kernels. One popcorn introduction (P.I.217407, 
or Ladyfinger) has been widely used as a source of northern 
corn blight resistance (Helminthosporium turcicum). 
Creech and Reitz (1971) cited example of a single wheat 
plant introduction (P.I.I78383) which has resistance to four 
races of stripe rust (Puccinia striiformis), 35 races of common 
bunt (Tilletia caris and T. fastid), 10 races of dwarf bunt 
(Tilletia controversa), and usable tolerance to flag smut 
(Urocystis tritici) and snow mold (Fusarium and Typhula spp). 
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Also, it has excellent seedling emergence. Obviously, plant 
breeders have discovered some very decided stratifications of 
genetic traits in plants that are associated with geographic 
origins by studying relatively small germplasm collections. 
This leads to the question of how knowledge of such stratifi­
cations can be used by plant explorers who will expand our 
collections and by plant breeders who will use the samples 
in them. Multivarate analysis for measuring the degree of 
divergence between biological populations and for assessing 
the relative contribution of different characters to the total 
divergence has been suggested as a valuable tool for providing 
summaries that might be valuable to both plant explorers and 
plant breeders. 
Techniques for Studying Genetic Stratification 
Stages in the phytogeographic study of variation in plant 
species applied by Vavilov (1951) and summarized by Allard 
(1970) are as follov/s: (1) classification of collections 
into species and genetic groups making use of all available 
criteria, including morphology, genetics, physiology, ecology, 
and distribution; (2) determination of distribution, and 
identification of the original habitats and areas occupied by 
these groups; (3) determination of the total range of genetic 
variability within species; (4) determination of those parts 
of the species distribution in which the greatest intraspecific 
variability is to be found, and particularly the geographic 
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centers in which endemic characters are most numerous; and 
(5) determination of similar patterns in cultivated and non-
cultivated species. 
In recent years the methods of multivariate analysis and 
numerical taxonomy have been applied to the problems of inter-
and intraspecific classification and have aided interpreta­
tions based on classical taxonomic methods (Janoria et al., 
1976). It identifies the most divergent genotypes in a germ-
plasm collection and thereby the,parents of hybrids. 
According to Van Groenewoud (1976) the objective of 
multivariate analysis (principal component analysis, cluster 
analysis, and related methods) of vegetation data is to 
simplify and order the data so that the resulting model shows 
the relationships among and within species, and also reflects 
the relationships between vegetational and habitat variation. 
Clustering and other new techniques have changed 
classificatory principles practiced in many sciences. The 
purpose of these techniques is to use numerical values to 
objectively describe the structure and relationships of a 
group of plant samples, and to simplify these relationships 
in such a way that general statements can be made about 
classes of them (Sokal, 1974). Clustering methods (Sneath 
and Sokal, 19735 Blackith and Reyment, 1971; Williams, 1971) 
and dendograms for displaying clusters (McCammon, I968; 
McCammon and Wenninger, 1970; Phipps, 1976) are used by many 
scientists. Many different algorithms for clustering analysis 
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have been proposed (Sneath and Sokal, 1973) i the following 
three agglomerative clustering techniques have been employed 
most frequently; (a) In the single linkage method, candidates 
for membership will join a cluster if they are connected to 
any member of the cluster by a single pairwise relation at or 
above the accepted criterion of similarity. (b) In the com­
plete linkage clustering, candidates for membership in a 
cluster must connect to all present members by the accepted 
criterion before being permitted to join. (c) The commonly 
employed average linkage clustering techniques compute the 
similarity of candidates with an established cluster, as some 
average of the similarity of that candidate with all the 
members of the cluster. The similarity of candidates can be 
determined on the basis of their correlation between attributes 
they possess, their Euclidean distance (Blackith and Reyment, 
1971). or their generalized distance (Mahalonalus, 1936), 
Among the other tools of multivariate analysis, factor 
analysis, principal component,and canonical variables and 
correlation analysis are also used by researchers in numerical 
taxonomy as well as in agricultural studies. Most of these 
techniques can be used to form groups of individuals and to 
find factors or variables which account for the most percentage 
of variation which exists in a multidimensional distribution. 
In the remainder of this section, some results obtained by 
researchers who applied methods of multivariate analysis 
will be discussed. 
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Bhatt (1976) used generalized distance analysis to 
select for quality characters in wheat, and he concluded that 
this multivariate analysis resulted in meaningful groupings 
2 based on the aggregate of six characters. The D technique 
offered a convenient method for reducing large amounts of 
multivariate quality data to manageable proportions. White-
house (1970) applied canonical analysis to a large amount of 
data collected on barley, and he came to the same conclusion. 
Jeswani et al. (1970) used D generalized distance to 
study the diversity of linseed (Linum usitatissimum) in rela­
tion to geographical origin, and he concluded that Indian col­
lections were distinctly different from seven other groups from 
different countries. European samples were similar to those 
from Russia, America and Australia. Argentinean and Afghanis­
tan! groups were closely related. Maximum diversity was between 
the Indian and Russian groups. Characters that contributed pri­
marily to the divergence were number of primary "branches and 
fruiting branches. 
Molina-Cano (I976) applied clustering techniques and 
principal component analysis to study the phenetic similarity 
of 38 barley cultivars (Hordeum vulgare) by using 44 
taxonomical characters. Both analyses showed a sharp separa­
tion between two-rowed and six-rowed groups of cultivars. 
However, these analyses failed to split the two groups into 
subgroups. 
Murty (1975) studied 250 locally adapted cultivars of 
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chickpea (Gicer arietinum) from different geographical regions 
and found that these collections exhibited a considerable range 
of variability within and among countries of origin for most 
characters. For example, variation for flowering time was 6l 
to 118 days. Many varieties from Iran, India, and Pakistan and 
two from Ethiopia were early (85 days), whereas most varieties 
2 from U.S.S.R., Spain, Syria, and Libya were late. He used D 
statistics on the same material and he found eight clusters. 
One variety from Iran was different from the rest. It was 
very late in flowering with great lateral spread and small 
leaflets. The cluster means revealed that among high yield 
groups, compact plant type and number of secondary branches 
and pods per plant were the major factors responsible for the 
divergence. There was a clear divergence between black and 
pink seeded types from the rest. Black seeded types in­
variable had small seeds while pink types had large seeds. 
Hussaini et al. (1977) analyzed 64-0 genetic stocks from 
the world collection of finger millet (Eleusine caracana L.) 
using multivariate techniques. They subjected the data to 
principal components analysis and found twelve broad groups 
by plotting the first two standardized principal components. 
Indian material showed clinal variation, with southern and 
eastern samples forming the extremes. The pattern of variation 
in African material was distinctly different from that found 
in India. Ugandan material exhibited a distinct isolation 
from the rest of the material studied. Canonical variate 
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analysis supported multivariate analysis, and further separated 
the Ethiopian material into a distinct group of its own. 
Porceddu (I976) studied 2400 collections of durum wheat 
(Triticum tureidum) for agronomic and physiological characters. 
He concluded that distinct differences seem to exist among 
entries from different countries for all the characters an­
alyzed. Plotting values of the first canonical variable 
against the second showed that accessions from all Mediter­
ranean countries were very close, as would result from old 
trade links. There was a close relationship among East 
Mediterranean-Middle East (Cyprus, Israel, Egypt, Jordan) 
accessions, and a very close relationship was found between 
accessions from U.S.A. and Turkey. 
Generally it can be said that (a) the need for genetic 
variability is obvious, (b) this variability must be collected 
from different geographical regions because there seems to be 
a connection between regions and particular character(s), and 
(c) the methods of multivariate analysis can be applied to 
explore the variability. 
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MATERIALS AND METHODS 
Materials and Attributes 
The materials I used for this study were 4-57 entries of 
Avena sterilis L. from the Oat World Collection maintained at 
the Germplasm Laboratory, Beltsville, Maryland, U.S.A. The 
countries and islands from which these entries were collected 
and number of samples from each country are shown in Table 1. 
The identification number, P.I, number, country of 
origin, and the site within country where an entry was col­
lected are shown in Appendix A. Three adapted Iowa strains, 
C.I.9170^. C.I.9186, and Dal, were included as checks. 
All entries were grovai in an experiment that was sown on 
a fertile soil at the Agronomy And Agricultural Engineering 
Research Center, Ames, Iowa, in 1975 and 1976. The experi­
mental design was a randomized block with one replicate being 
grown each year. The three check varieties were replicated 
systematically once in every set of 20 plots (27 times in a 
replicate). A plot was a hill sown with 20 to 30 seeds and 
hills were spaced 75 cm apart in perpendicular directions. 
The traits measured on each plot in the field experiment 
were i 
(a) Length and width of flag leaf (cm) on five culms 
^P.I. and C.I, refer to plant introduction and cereal 
index, respectively, which are used by the U.S. Department of 
Agriculture as prefix to accession numbers. 
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Table 1. Countries of origin and number of entries of A. 
sterilis from each country 
No. of No. of No. of 
Country entries Country entries Country entries 
Algeria 47 Israel 98 Sardinia 5 
Ethiopia 16 Italy 7 Sicily 12 
Greece 6 Lebanon 22 Syria . 15 
Iran 46 Libya 19 Tunisia 36 
Iraq 12 Morocco 55 Turkey 55 
(b) Number of spikelets per panicle on five panicles 
(c) Growth habit of seedlings (scored from 1 = erect to 
9 = prostrate) 
(d) Date of heading (number of days after May 31 when 
SOfo of the primary panicles in a plot were completely 
emerged) 
(e) Plant height (cm) ten days after anthesis. 
Because the spikelets of A. sterilis shatter when mature, I 
collected seeds from all plots at 3-day intervals, and when a 
plot was completely mature, I harvested a straw (dry vegetative 
tissue) sample. Subsequently, the following traits were 
assayed on samples of seeds and straw from all plots: 
(a) Length and width of caryopses (mm) on five seeds 
(b) Weight (mg) of ten caryopses 
(c) Protein percentage of grain and straw (nitrogen 
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content was determined on 100 mg of grain and one 
g of straw using the micro- and macro-Kjeldahl, re­
spectively, method 46-11^ given by the American 
Association of Cereal Chemists (I962). Nitrogen 
values were converted to protein percentage by the 
formula N percentage x 6.25- Grain samples were not 
ground and straw samples were ground to pass through 
a 20-mesh sieve before being digested). 
(d) Oil percentage of grain (determined by the nuclear 
magnetic resonance (MR) method given by Alexander 
et al., 1967). 
In a separate experiment, all oat lines were evaluated for 
response to vernalization. Four seeds of each line were 
soaked for ten hr, placed in moist paper towels, and subse­
quently kept at 2-5°C for 14 days. Then the four vernalized 
seeds of a line were sown (two per pot) in two 10-cm pots» Two 
nonvernalized seeds of a line were sown in the same pot with 
the vernalized ones. One set of pots for all lines, including 
the check strains, composed replicate one and the second set 
composed replicate two. Date of heading was recorded for each 
plant when the primary panicle was completely emerged. The 
^I am grateful to Dr. V. L. Youngs, Director of the Oat 
Quality Lab, USDA, Madison, Wisconsin, for conducting the 
determinations. 
2 I am grateful to Dr. D. E. Alexander, Department of 
Agronomy, University of Illinois, Urbana, for making arrange­
ments for the MR analyses. 
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mean difference in heading dates of vernalized plant in a pot 
was scored as the response to vernalization. 
Photoperiodism responses of the oat entries were measured 
in still another experiment. Tv/o replicates (with hill plots) 
were planted near Bogota, Colombia^ where the day length is 
constantly 12.5 hours. Heading dates were recorded on those 
plots, and difference in heading dates of a line grown in 
Colombia and Iowa (where day length was less than l6 hours) was 
used to give a code for photoperiod response. The coding 
system is given in Table 2. 
All entries were tested with two races (202 and 2-H) of 
stem rust of oats (Puccinia gramini s pers. f.s.p. avenae 
Eriks and E. Harm) and no resistant plants were found, and 
all were tested with a culture of Ilelminthosporium victoriae K. 
and K. and no susceptible plants were found. Next, the oat 
entries were tested with six races (Table 3) of crown rust of 
oats (Puccinia coronata Cda. var. avenae Eraser and Led.) and 
each was classified as susceptible or resistant to a race 
depending upon the reaction of a majority of the seedlings. 
This experiment v/as performed in the greenhouse. Four seeds 
from each entry were planted in flats each measuring 35 % 58 
cm with 70 entries per flat. After sowing the seeds, flats 
1 I am grateful to Dr. J. Arias, Legume Breeder, ICA-
Tibaitata, A. A. Irewe, "El Dorado", Bogota, Colombia, for taking 
the heading date notes for this part of my study. 
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Table 2. Coding scores for photoperiod responses to 
oat lines 
Photoperiod 




 A +4 —2 to —6 -1 
10 to 14 + 3 -6 to -10 -2 
6 to 10 4-2 —10 to -14 
-3 
2 to 6 +1 < -14 -4 
2 to -2 0 
^Heading date in Iowa minus heading date in Colombia. 
were kept in a cold room (4-c^C) for seven days to obtain a 
uniform germination. Ten days after removing the flats from 
the cold room, the seedlings (one leaf stage) were inoculated 
with stem rust spores using the oil method. This method is 
purported to give very uniform infection. Eleven milligrams 
of inoculum suspended in 3 ml of oil (Mobilsol 100) were used 
to inoculate each flat. The oil-rust spore suspension was 
sprayed onto the seedling foliage with a Venturi atomizer 
operating at a pressure of 1 kg per square cm. All of the 
inoculation procedures, such as inoculating in a room devoid 
of air currents, holding the Venturi atomizer at the same dis­
tance from the flats, etc., were standardized. After inocula­
tion, the flats of seedlings were placed in the moist chamber 
for 16 hours, removed to the greenhouse, and after 11 days the 
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susceptible or resistant types were recorded. The percentage 
of the resistance of the entries to the six different races 
used was determined irrespective of the crown rust races. 
Using the reaction of the 4^7 oat entries to the races gave 
64 pattern classes (Table 3) of response. For example, the 
extreme classes,would be entries that were either resistant 
or susceptible to all six races. The entries were classified 
for these patterns and given code numbers as shown in Table 3» 
and crown rust reaction pattern was considered to be one trait. 
Note that the traits I measured were selected to arrive 
at a natural classification (Sokal and Sneath, I963) to meet 
the following considerations: 
(a) To be spread over the whole vegetative and seed 
growth cycle, 
(b) To measure as many and diverse organs as possible, and 
(c) To have traits in the four classes, morphological, 
physiological, biochemical, and reaction to pests. 
Methods of Data Analysis 
Before analyses of data were done, all measurements were 
reduced to plot means. Next, an analysis of variance was 
conducted on the measurements for each trait with years 
(replicates), countries of origin, entries within countries, 
and years x entries as sources of variation. Additionally, 
analyses of variance were computed for each year's data using 
only countries and entries within countries as sources of 
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Table 3. Response of the entries to six races of crown rust and the 
codes given to the 64 possible reaction patterns 
< <1- m IN O- vO <!• 
vO O u o N vO 
Code (N (M PM tri CM 
R R R R R R 64 
R R R R R S 2 
R R R R S R 3 
R R R S R R 5 
R R S R R R 9 
R S R R R R 17 
S R R R R R 33 
R R R R S S 4 
R R R S R S 6 
R R R S S R 7 
R R S R R S 10 
R R S R S R 11 
R R S S R R 13 
R S R R R S 18 
R S R R S R 19 
R S R S R R 21 
R S S R R R 25 
S R R R R S 34 
S R R R S R 35 
S R R S R R 37 
S R S R R R 41 
S S R R R R 49 
R R R S S S 8 
R R S R S S 12 
R R S S R S 14 
R R S S S R 15 
R S R R S S 20 
R S R S R S 22 
R S R S S R 23 
R S S R R S 26 
C r-. pp 
CM vO «d-\o o u u CM vO 
Code CM CM PL, PH m CM 
R S S R S R 27 
R S s S R R 29 
S R R R S S 36 
S R R S R S 38 
S R R S S R 39 
S R S R R S 42 
S R S R S R 43 
S R S S R R 45 
S S R S R R 53 
S S R R S R 51 
s S S R R R 57 
R R S S S S 16 
R S R S S S 24 
R S S R S S 28 
R S S S R S 30 
R S S S S R 31 
S R R S S S 40 
S R S R S S 44 
S R S S R s 46 
S R S S S R 47 
S S R R R S 50 
S S R S R s 54 
S S R R S s 52 
S S R S S R 55 
s S S R R S 58 
s S S R S R 59 
s S S S R R 61 
R S S S S S 32 
S R S S S S 48 
S S R S S S 56 
S S S R S S 60 
S s S S R S 62 
S s S S S R 63 
S s S S S S 1 
% resistance 
to the 












variation. A frequency distribution for all entries was con­
ducted for each trait, with the frequencies being represented 
by the number of entries in different classes. Further, fre­
quency distributions were constructed for the entries in each 
country. Entry means were used in constructing the frequency 
distributions. 
For the entries from each country, I calculated the mean 
range, variance component, standard error, and F-statistic 
with its significant probability for each of the 15 traits. 
Further, I calculated all possible correlation coefficients 
among the traits measured. 
To provide an index to the similarities among the entries 
with respect to their overall characteristics, I used a cluster 
analysis, which is a method of grouping operational taxonomic 
units (OTU's) by their similarities, derived from a matric 
of correlation coefficients. The particular clustering method 
used was the unweighted pair group method (UPGM) described 
by McCammon and Wenninger (1970). The analysis is based upon 
the difference between character means for each OTU and the 
overall means from all OTU's combined. 
One-dimensional graphical representations of cluster 
analysis are called phenograms or dendrograms. The dendro-
graph of McCammon and Wenninger (1970) is a two-dimensional 
representation which shows vertical and horizontal relation­
ship of the clusters. The horizontal axis corresponds to 
r values (correlations) and reflects within-cluster similarity. 
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The vertical axis reflects "between-cluster similarity. The 
large distinct clusters, however, are more important in 
showing overall relationships of the OTU's. 
Cluster analyses and dendrographs were obtained in six 
steps. 
1. The mean (x), mean square (s^), and standard deviation 
(s) for each trait (Y^, Yj, etc.) were computed for 
all OTU's. 
2. Each observation was standardized according to the 
following formula; = Y^^ - x/s^. 
3. A sample x, s^, and s were computed from values ob­
tained in step 2. 
4. Correlations between entries were obtained by the 
following formula; 
The correlations were used to obtain a similarities 
matrix as input for the cluster analysis. 
5. Clusters were obtained by the UPGM using averages. 
6. The dendrograph was plotted and drawn using the 
program of McCammon and Wenninger (1970). 
To summarize most of the variation in the multivariate 
system into fewer variables, a canonical variate analysis 
was performed on the observed values. The first four of these 
new variables (canonical variate) usually account for most 
29 
of the variability which is present. 
In order to study the multivariate distribution of char­
acters with respect to the geographical pattern of the varia­
bility, a canonical analysis was performed on the observed 
values using the SAS, 1972 (Service, 1972) program. Canonical 
variate analysis (Blackith, i960) results in series of 
orthogonal transformations sequentially maximizing the ratio 
of the among groups to the within groups variation. The 
canonical variates are based upon the roots and vectors of 
E~^H, where E is the pooled within groups covariance matrix 
and H is the among groups covariance matrix. 
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RESULTS 
The 15 traits measured in this study were classified into 
five groups: (1) morphological traits, consisting of length 
and width of flag leaf (FL and FV/), growth habit of seedlings 
(GK), and plant height (PH); (2) seed traits, consisting of 
length and width of caryopses (SL and SV/t), weight of 10 
caryopses (SWg), and number of spikelets per panicle (NS); 
(3) compositional traits, consisting of protein percentages of 
groat (GP) and straw (SP) and oil percentage of grain (GO); 
(4) physiological traits, consisting of date of heading (HD), 
responses to vernalization (VR), and photoperiod. (PhR)i 
(5) pathological traits, consisting of resistance to six races 
of crown rust (PR). 
My results will be presented in the following format: 
First, results from the analyses of variance and correlations 
will be discussed. Second, each trait will be discussed with 
respect to its mean, range, frequency, and variance component 
in each country. And finally, the geographical distribution 
of A. sterilis entries will be shown with the aid of multi­
variate analysis (clustering and canonical variate analyses). 
Analysis of Variance and Correlations 
Analyses of variance (Table 4) showed that means for 
countries differed significantly for each trait. The vari­
ance analyses for the 14 traits (disease resistance evaluation 
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Table 4. Mean squares®"-from analyses of variance of data for 
15 traits collected from strains of A. sterilis 
Sources of variation 
Countries Within countries 
Trait 1975 1976 1975 1976 
Flag-leaf length 57.1 119.6 6. 3 15.5 
Flag-leaf width 1.1 0.7 0.1 0.1 
Number of spike-
lets per panicle 6017.8 2819.6 77.6 97.0 
10-caryop.sis 
weight 25335.6 20097.7 907.9 1258.5 
Caryopsis width 1.1 1.1 0.0 0.0 
Caryopsis length 9.1 7.1 0.5 0.5 
Heading date 655.2 5199.9 41.2 179.3 
Groat-protein 
percentage 19.9 83.8 3.6 6.4 
Straw-protein 
percentage 8.0 24.4 1.8 2.1 
Response to 
vernalization 2714.1 2573.2 120.2 137.0 
Plant height 524.3 1014.2 92.0 132.7 
Growth habit 110.3 83.5 4.3 3.4 
Groat-oil 
percentage 18.4 14.7 0.8 0.8 
Response to 
photoperiod 61.3 66.2 3.7 4.2 
Percentage of re­
sistance to races 
of crown rust 5751.4 389.6 
^Mean squares for countries are significant at 1% level. 
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v;as performed only in one replicate) are shown in Tables 5 
through 8. There was significant variation among countries for 
all traits except straw-protein percentage. Differences among 
entry means within countries also were statistically signifi­
cant for all traits. 
Associations among traits are shown in Table 9» low 
negative correlations existed between growth habit and all 
other vegetative traits (i.e., length and width of flag leaf 
and plant height). Positive relations existed between length 
and width of flag leaf (0.62), and for these two traits with 
plant height (0.4? and 0.40, respectively). 
Number of spikelets per panicle was negatively correlated 
with the other seed traits (i.e., length, width, and weight of 
caryopses). The highest correlations were those for caryopsis 
length and width with caryopsis weight (0.72 and 0.65i re­
spectively). Length and width of caryopses also were posi­
tively correlated (r = 0.4$). 
With the exception of negative correlations between growth 
habit and seed traits, positive relations were the rule between 
other vegetative and seed traits. 
Positive correlation existed between protein percentages 
of groat and straw (r = 0.24); however, these two traits are 
negatively correlated to groat-oil percentage (-0.41 and -0.26, 
respectively). 
All seed and vegetative traits were positively correlated 
to both protein percentages and negatively with groat-oil 
Table 5* Analyses of variance of data for four vegetative traits measured on lines 
of A. sterilis and A. sativa 
Source of Flag-leaf Flag-leaf Plant 
variation d.f. length width Growth habit height 
Years 1 I98.8 7.^ 78.2 460.6 
Groups 17 154.7** 2.0** I87.7** 1258.2** 
Countries 14 65.7* 0.3* 35.7* 134.0** 
Checks 2 516.0** I.3* 0.0 847.7 
Checks vs countries 1 677'7 27.8 2691.2** 806.8 
Within groups 520 14.1** 0.1** 6.8** 194.3** 
Within countries 442 16.1** 0.1** 7-9** 225.7** 
Within checks 7 8  3.0 0.0 0.0 I6.5 
Years x groups 17 22.0 0.3 6.1 280.3 
Years x countries 14 24.2 0.1 6.4 64.8 
Years x checks 2 8.0 0.0 0.0 764.9 
Years x checks vs 
countries 1 I9.6 3.4 I3.8 2327.9 
Years x within groups 520 7.7 0.0 0.9 30.4 
Years x within 
countries 442 8.6 0.0 1.1 33^3 
Years x within 
checks 78 2.3 0.0 0.0 14.1 
*Significant at 5^ level. 
**Significant at 1% level. 
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Table 6. Analyses of variance of data for four seed traits measured on lines of 
A. sterilis and A. sativa 
Source of 
variation 
Number of spike- 10-caryopsis 









Checks vs countries 1 
Within groups ^20 
Within countries 442 









Years x groups 17 2728.5 
Years x countries l4 351.9 
Years x checks 2 1164.1 
Years x checks vs 
countries 1 39129.7 
Years x within groups 520 5^.2 
Years x within 
countries 442 58.6 
Years x within 









0 . 2  
0.3 6.5 69.4 







704.7 0.1 1.2 
529.8 0.1 1.0 
1446.3 0.1 0.2 
1669.3 0.0 5.3 
597.0 0.0 0.3 
591.9 0.0 0.3 
626.1 0.0 0.2 
^Significant at % level. 
**Significant at Vfo level. 
Table 7. Analyses of variance of data for three compositional traits measured on 
lines of A. sterilis and A. sativa 
Source of Groat-protein Straw-protein Groat-oil 
variation d.f. percentage percentage percentage 
Years 1 783.5 20. 5 249.8 
Groups 17 82.6** 23.2* 32.4** 
Countries 14 15.0* 13.8 5.9** 
Checks 2 81.1** 16.6 108.1** 
Checks vs countries 1 1032.1 166.9 252.5* 
Within groups 520 7.1** 2.2** 1.1** 
Within countries #2 8.1** 2.4** 1.3** 
Within checks 78 1.4** 1.2 0.3 
Years x groups 17 21.1 9.3 0.7 
Years x countries 14 5. 6 8.1 0.7 
Years x checks 2 1.5 12. 6 0.5 
Years x checks vs countries 1 276.4 19.6 0.5 
Years x within groups 520 2.9 1.7 0.5 
Years x within countries 442 3.3 1.7 0.5 
Years x within checks 78 0.9 1.2 0.2 
•«•Significant at 5^ level. 
•^^Significant at Vfo level. 
Table 8. Analyses of variance of data for three physiological traits measured on 
lines of A. sterilis and A. sativa 
Response 
Source of Date of Response to to photo-
variation d.f. heading vernalization period 
Years 1 65061.9 233.3 6.6 
Groups 17 4394.3** 5208.5** 126.2** 
Countries 14 2650.5* 2085.2* 82.7** 
Checks 2 2698.7 21.1 0.0 
Checks vs countries 1 32198.9 59309.4** 987.1* 
Within groups 520 151.4** 200.0** 7.5** 
Within countries 442 178.2** 234.4** 8.8** 
Within checks 78 0.1 5.4* 0. 0 
Years x groups 17 1460.8 78.8 1.3 
Years x countries 14 1139.5 94.9 1.6 
Years x checks 2 227.7 3.7 0.0 
Years x checks vs countries 1 8424.7 4.0 1.2 
Years x within groups 520 69.0 57.2 0.4 
Years x within countries 442 81.2 66.7 0.5 
Years x within checks 78 0.1 3.7 0.0 
^Significant at S'fo level. 
**Significant at Vfo level. 




among 15 traits^  measured on 
Character FL FW NS SWg SWt SL 
FW 0.62** 
NS 0.23** 0.35** 
SWg 0.35** 0.38** -0.27** 
SWt 0.30** 0.39** -0.17** 0.72** 
SL 0.24** 0.19** -0.41** 0.65** 0.45** 
HD -0.36** -0.08** 0.38** -0.36** -0.27** -0.28** 
GP -0.36** -0.37** -0.01 -0.44** -0.42** -0.08 
SP -0.27** -0.11 0.08 -0.25** -0.24** -0.15* 
VR 0.06 0.06 0.01 0.02 0.03 0ÛO6 
PH 0.47** 0.40** 0.33** 0.25** 0.26** 0.10 
GH -0.40** -0.31** -0.10 -0.32** -0.30** -0.09 
GO 0.24** 0.06 -0.25** 0.25** 0.19** 0.19** 
PhR -0.12* -0.15** -0.24** 0.00 0.02 0.04 
PR 0.04 0.03 -0.13 0.09 0.09 0.09 
F^L = flag-leaf length, EW = flag-leaf width, NS = number of spikelets 
per panicle, SWg = 10-caryopses weight, SWt = width of caryopses, SL = 
length of caryopses, HD = date of heading, GP = groat-protein percentage, 
SP = straw-protein percentage, VR = response to vernalization, PH = plant 
height, GH = growth habit, GO = groat-oil percentage, PhR = response to 
photoperiod, PH = percentage of resistance to races of crown rUst. 
"'«Significant at 5% level. 
"^Significant at 1% level. 
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HD GP SP VR PH GH GO PhR 
0.28** 
0.48** 0.24** 
0.14* 0.04 0.18** 
-0.14* -0.27** -0.35** -0.10 
0.53** 0.29** 0.26** 0.11 -0.37** 
-0.44** -0.41** -0.26** -0.04 0.21** -0.29** 
-0.14* 0.03 -0.10 -0.05 -0.02 -0.04 0.16** 
-0.04 -0.02 -0.08 -0.15** 0.20** -0.06 0.03 0.05 
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percentage; however, most of these values were low. 
Low correlations existed between physiological traits 
(i.e., date of heading and responses to vernalization and 
photoperiod.). However, from a statistical point of view, 
date of heading was significantly correlated with responses to 
vernalization (r = 0.14) and photoperiod; (r = -0.14). 
Correlations between responses to vernalization and photo­
period. with all the other analyzed characters were low and 
not significant. Date of heading was negatively correlated 
with groat-oil percentage (r = -0.44), length of flag leaf (r = 
-0.36), weight of caryopses (r = -O.36), and plant height 
(r = -0.14). Positive relations existed between protein per­
centage of straw and heading date (r = 0.48) and between the 
latter trait and growth habit (r = 0.53)* 
With the exception of significant correlations between 
percent resistance to crown r*ust races and date of heading 
(r = -0.04 and response to vernalization (r =-0,15) all other 
correlations involving percent resistance were low and statis­
tically not significant. 
Means and Frequency Distributions 
Length of flag leaf 
Flag-leaf lengths for the A. sterilis collections ranged 
from 9»6 to 31.2 cm (Table 10). Twenty entries had flag-leaf 
lengths of 23 cm or greater which was comparable to Dal, an 
A. sativa check line (Table 11). Collections from Turkey and 
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Table 10. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of flag-leaf 
lengths for A. sterilis collections from several 







of variance Range Mean 
Algeria 3.9* 13.8 — 27.1 18.5 ± 0.0 
Ethiopia 0.0 15.6 - 21.8 18.5 ± 0.4 
Tunisia 5.0** 10.7 - 25.6 18.3 ± 0.5 
Turkey 10.3** 10.4 - 31.2 18.3 ± 0.6 
Israel 3.3** 11.1 - 23.5 18.0 ± 0.2 
Iran 2.2 11.6 - 26.2 17.7 ± 0.4 
Morocco 0.0 13.8 - 23.7 17.4 ± 0.3 
Sicily 2.4 12.9 - 21.2 17.0 ± 0.7 
Libya 0.7 13.5 - 19.0 16.4 ± 0.4 
Italy 0.0 13.9 - 20.7 16.3 - 0.9 
Iraq 6.9 10.0 - 23.2 16.2 ± 0.8 
Greece 1.3 13.5 - 18.0 15.6 ± 0.8 
Sardinia 0.0 13.5 - 17.0 15.5 ±. 0.7 
Lebanon 4.0* 12.0 - 20.0 15.2 0.5 
Syria 6.8** 9.6 - 18.2 15.0 ± 0.7 
Checks 
C.I.9170 0.8 15.0 - 22.6 16.3 ± 0.2 
C.I.9186 0.4 18.0 - 22.6 20.6 ± 0.2 




at a =5^8. 
^Any two means not next to a common line are signifi­
cantly different. 
^Significant at % level. 
^^ Significant at Vfo level. 
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Table 11. Frequency distributions of flag-leaf lengths for 
A. sterilis collections from several countries and 
A. sativa check strains^  













Algeria - 6 11 9 13 5 3 
Ethiopia - - 3 7 4 2 -
Tunisia 1 4 4 13 9 2 3 
Turkey 4 6 16 8 7 6 8 
Israel 2 8 26 30 24 6 2 
Iran 3 5 11 16 4 5 2 
Morocco - 7 23 12 11 1 1 
Sicily 1 1 5 1 3 1 -
Libya - 6 4 8 1 - -
Italy - 2 3 - 2 - -
Iraq 2 5 3 4 2 1 1 
Greece - 3 1 2 - - -
Sardinia - 2 2 1 - - -
Lebanon 4 9 4 2 3 - -
Syria 3 5 2 5 - - -
Checks 
G.I.9170 - - 1 - - - -
C.I.9186 - -
- - 1 - -
Dal - - - - - 1 -
Total 20 69 119 118 84 30 20 
Percentage 4.3 15.2 25.9 25.7 18.3 6. 5 4.3 
^The 
plots. 
value for each A. sativa entry is the mean of all 
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Ethiopia had the highest mean values (18.5 cm) for this trait. 
The highest value was 31.2 cm for a collection from Algeria 
(P.I.412489). On the other hand, 89 collections had flag-
leaf length of less than 15 cm (Table 11) which was comparable 
to G.I.9170, a check line. The lowest mean was 15 cm for 
collections from Syria and the lowest value for an individual 
line was 9»6 cm for one collection (P.I.412332) from this 
country. 
Frequency distributions for flag-leaf lengths of A. 
sterilis lines by countries are presented in Table 11 and 
Appendix B-1. Interestingly, 14.5, 8.3, and 6.4^ of the 
entries from Turkey, Tunisia, and Algeria^ respectively, had 
flag-leaf lengths of 23 cm or greater, whereas 2Q% of the 
entries from Syria had lengths I3 cm or less. There was not 
a single collection.from Syria, Greece, and Sardinia with a 
flag-leaf length greater than 19 cm. 
Variation among A. sterilis collections within countries 
was greatest for Turkey (Table 10), and there was no variation 
among entries that originated from Ethiopia, Italy, Sardinia, 
and Morocco. Within-country components of variance were 
statistically significant for Turkey, Syria, Tunisia, Lebanon, 
Algeria, and Israel. 
Differences among the countries also were examined using 
Duncan's multiple range test (Table 10).' Means for entries from 
Morocco, Sicily, Libya, Italy, Iraq, and Greece were not sig­
nificantly different from the entries from all other countries. 
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The means for entries from Sardinia, Lebanon, and Syria were 
significantly shorter than those entries from Algeria, Ethiopia, 
Tunisia, Turkey, Israel, and Iran. 
Width of flag leaf , 
Flag-leaf widths for the A. sterilis collections ranged 
from 0.6 to 2.2 cm (Table 12). There were 129 A. sterilis 
entries in the same classes for flag-leaf width (FW >1.2 cm) 
as A. sativa check lines (Table 13). The highest means (1.2 
cm) were for collections from Iran and Tunisia, and the largest 
value of flag-leaf width (2.2 cm) was for a collection from 
Iran (P.I.411883). And, 137 A. sterilis collections had flag-
leaf widths less than 1.0 cm (Table 13). The lowest value for 
this trait was 0.6 cm for a collection from Syria (P.I.412313)• 
Interestingly, Syria has the lowest mean for both flag-leaf 
length and width. 
Frequency distributions for flag-leaf widths according to 
countries are presented in Table 13 and Appendix B-2. From 
Iran, Iraq, and Turkey 10.?, 5» 6, and of the entries, re­
spectively, had a flag-leaf width of 1.6 cm or greater which was 
equivalent to that of C.I.9186, an A. sativa check. Entries 
with less than 1.0 for this trait were present in most countries. 
Variation among A. sterilis collections within countries 
was greatest for Iraq (Table 12) and there was no variation 
among entries that originated from Ethiopia, Greece, or Libya. 
However, within-country components of variance were statistically 
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Table 12. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of flag-leaf 
widths for A. sterilis collections from several 











at a = 
Iran 0.03* 0.7 _ 2.2 1.2 ± 0.04 





Algeria .0.02** 0.9 - 1.5 1.1 ± 0.02 
Italy 0.04 0.8 - 1.6 1.1 0.09 
Turkey 0.04** 0.7 - 1.7 1.1 ± 0.03 
Ethiopia 0 0.8 1.5 1.1 ± 0.04 
Sardinia 0.02 0.9 - 1.4 1.1 ± 0.07 
Israel 0.02** 0.6 - 1.5 1.1 ± 0.02 
Morocco 0.01 0.7 - 1.5 1.1 ± 0.02 




Greece 0 0.9 - 1.2 1.1 ± 0.05 
Lihya 0 0.8 - 1.4 1.0 ± 0.03 





Iraq 0.06** 0.7 - 1.9 1.0 ± 0.07 





P.1.9170 0 1.2 - 1.7 1.4 ± 0.03 
P.1.9186 0 1.4 - 2.0 1.6 ± 0.04 
Dal 0 1.2 - 2.1 1.7 ± 0.03 
^Any two means not next to a common line are signifi­
cantly" different. 
^Significant at 5^ level. 
^^ Significant at Vfo level. 
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Table 13. Frequency distributions of flag-leaf widths for 
A. sterilis collections from several countries and 
A. sativa check strains 











Iran 1 8 13 15 4 5 
Tunisia 3 3 1? 6 7 -
Algeria - 14 14 15 4 -
Italy 1 - 4 1 1 -
Turkey 3 10 22 11 6 3 
Ethiopia 1 2 8 4 1 -
Sardinia - 1 3 1 0 -
Israel 5 25 44 11 3 -
Sicily - 3 8 1 - -
Greece - 3 2 1 - -
Libya - 8 9 2 - -
Lebanon 2 10 7 3 - -
Iraq 5 6 5 1 - 1 
Syria 2 6 7 - - -
Checks 
C.I.9170 - - - 1 - -
C.I.9186 - -
- - 1 -
Dal -
- - - 1 
Total 25 112 191 93 29 10 
Percentage 5.4 24.3 41.5 20.2 6.4 2.2 
^he value 
plots. 
for each A. sativa entry is the mean of all 
4''6 
significant for eight countries. 
According to Duncan's multiple range test (Table 12), the 
mean of entries from Iran was significantly different from 
those from all other countries, except Tunisia, Italy, and 
Algeria. However, means from Tunisia and Algeria are only 
different from those from Libya, Iraq, Syria, and 
Lebanon. 
Growth habit 
Growth habit scores for the A. sterilis collections ranged 
from 1 to 9 (Table 14). There were 23 A. sterilis entries in 
the same class for growth habit (GH = 1) as the A. sativa 
check lines (Table 15)» Collections from Ethiopia, with a 
mean of 2.8, were the most erect. On the other hand, 102 and 
20 collections were moderately (GH = 7) and completely (GH=9) 
prostrate types, respectively (Table 15)« The highest mean 
value was 7.0 (i.e., prostrate type) for collections from 
Lebanon. 
Frequency distributions for growth habits of A. sterilis 
lines by countries are presented in Table 15 and Appendix B-3. 
Interestingly, 31*3^ of the entries from Ethiopia had growth 
habit equivalent to one, whereas 9.1^ of the entries from 
Lebanon had growth habit 9* However, the intermediate class 
(GH = 5) for this trait predominated in most countries. 
Variation among A. sterilis collections within countries 
for growth habit was greatest for Iraq (Table 14), and there 
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Table 14. Means, ranges, within-country components of vari­
ance and Duncan's multiple range test of growth 
habits for A. sterilis collections from several 
countries and three A. sativa check strains 
Within- Duncan's 
Country country multiple 
of component range test 




















5 - 9  7 . 0  ±  0 . 3  
4 - 8  6 . 3  ±  0 . 5  
5 - 9 6.3 ± 0.3 
3 - 9  6 . 1  ±  0 . 4  
1-9 5.9 ± 0.3 
1-9 5.8 ± 0.3 
4 - 6  5 - 7  ±  0 . 3  
1-9 5.6 ± 0.3 
1-9 5-4 ± 0.2 
4-6 5.2±0.4 
1-9 5.0 ± 0.3 
1 - 8  4 . 8  ±  0 . 3  
2 - 8  4 . 8  ±  0 . 7  
1-9 4.7 ± 0.6 
1-6 2.8 ± 0.4 
1 - 1 1.0 ± 0.0 




1 - 1 1.0 ± 0.0 
^Any two means not next to a common line are signifi­
cantly different. 
••Significant at Ifo level. 
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Table 15» Frequency distributions of growth habits for A. 
sterilis collections from several countries and 






















































































^he value for each A. sativa entry is the mean of all 
plots. 
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was little or no variation among entries that originated from 
Sardinia, Greece, and Syria. V/ithin-country components of 
variance were statistically significant for all countries 
except Italy, Syria, and Sardinia. 
According to Duncan's multiple range test, the mean of 
entries from Ethiopia was significantly lower than those from 
all other countries. The mean of entries from Lebanon was 
significantly different from those from all other countries, 
except Italy, Syria, and Libya. 
Plant height 
Plant heights for the A. sterilis collections ranged from 
49 to 119 cm (Table 16). There were 111 A. sterilis entries 
with a plant height greater than 100 cm (Table 1?) which was 
comparable to Dal, an A. sativa check line. Collections from 
Turkey had the highest mean (98.6 cm) for this trait. The 
highest mean was 119 for two collections, one from Turkey and 
one from Israel (P.I.412480 and P.I,309431» respectively). On 
the other hand, 65 collections had plant height of 80 cm or 
less. The lowest mean was 82.2 cm for collections from Iraq, 
and the lowest mean for an individual line was 49 cm for one 
collection (P.I.412413) from Tunisia. 
Frequency distributions for plant heights of A. sterilis 
lines by countries are presented in Table I7 and Appendix B-4. 
From Turkey, Iran, and Israel, I3.7, 8.7, and 8.2# of the 
entries, respectively, had plant heights greater than 110 
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Table 16. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of plant 
heights for A. sterilis collections from several 







of variance Range Mean 
Turkey 109. 5** 65 — 119 98.6 ± 1.5 
Ethiopia 60.9** 80 - 109 96.3 ± 2.0 
Israel 92.1** 69 - 119 95.9 1.0 
Iran 97.0** 69 - 116 95.7 ± 1.6 
Greece 15.7 87 - 101 94.5 ± 2.0 
Sardinia 37.0** 84 - 99 94.0 ± 2.8 
Lebanon 73.1** 76 - 108 93.2 2.0 
Sicily 48.9** 75 - 100 91.4 ± 1.5 
Morocco 104.4** 69 - 118 91.4 ± 1.5 
Syria 188.3** 67 - 109 89.2 ± 3.8 
Italy 86.7* 72 - 102 88.6 ± 3.9 
Algeria 116.1** 67 - 112 
00 00 
± 1.7 
Tunisia 82.6** 49 - 106 86.7 à: 1.8 
Libya 78.8** 65 - 98 84.3 ± 2.2 
Iraq 96.3** 61 - 103 82.2 ± 2.5 
Checks 
0.1.9170 0 81 - 94 86.0 ± 1.1 
G.I.9186 2.2 82 - 99 90.6 ± 0.7 




at a = 5?^^ 
^Any two means not next to a common line are signifi 
. cantly different. 
^Significant at % level. 
«^•Significant at Vfo level. 
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Table 17. Frequency distributions of plant heights for A. 
sterilis collections from several countries and 
A. sativa check strains^  
Class interval 
of origin <70 70-80 81-90 91-100 101-110 >110 
Turkey 2 - 12 16 18 7 
Ethiopia - 1 2 8 5 -
Israel 1 4 28 30 27 8 
Iran 1 3 11 15 12 4 
Greece - - 1 4 1 
Sardinia - - 1 4 - -
Lebanon - 1 7 8 6 -
Sicily - 1 2 9 - -
Morocco 3 6 16 18 9 3 
Syria 2 2 5 1 5 -
Italy - 1 2 3 1 -
Algeria 2 14 12 9 9 1 
Tunisia 1 7 18 6 14 -
Libya 2 3 9 5 - -
Iraq 4 
.5 4 5 1 -
Checks 
G.I.9170 - - 1 - - -
C.I.9I68 - - - 1 - -
Dal - - - 1 - -
Total 18 47 131 143 98 13 
Percentage 3.9 10.2 28.5 31.1 21.3 5.0 
^he value 
plots. 
for each A. sativa entry is the mean of all 
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cm, whereas 22.2, 13-3> and 10.50 of the entries from Iraq, 
Syria, and Libya, respectively, had heights less than ?0 cm. 
Variation among A. sterilis collections within countries 
was greatest for Syria and was lowest for Sardinia (Table 16), 
Within-country components of variance were statistically sig­
nificant for all the countries except Greece. 
According to Duncan's multiple range test (Table 16), 
means of entries from Turkey and Ethiopia were significantly 
greater than those for all other countries. Means for Libya 
and Iraq also were significantly lower than those from all 
other countries. 
Length of caryopses 
Caryopsis lengths for the A. sterilis collections ranged 
from 5'5 to 10.8 mm (Table 18). There were 273 A. sterilis 
entries with caryopsis lengths of 8.5 mm or greater, which was 
comparable to C.1.9170, an A. sativa check line (Table 19). 
Collections from Algeria had the highest mean (9.2 mm) for 
this trait. The highest line mean was 10.8 mm for a collec­
tion from Israel (P.I.320802). On the other hand, 25 collec­
tions had caryopsis lengths of less than 7.5 mm (Table 19) 
which was comparable to Dal, a check line. The lowest country 
mean (8.0 mm) was for collections from Syria, and the lowest 
line value of caryopsis length (5*5 mm) was for a collection 
from Sicily (P.I.324749). 
Frequency distributions for caryopsis length according to 
countries are presented in Table 19 and Appendix B-5. From 
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Table 18. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of caryopsis 
lengths for A. sterilis collections from several 







of variance Range Mean 









Italy 0.7** 7.4 - 10.3 9.1 ± 0.3 
Sicily 0.7 5.5 - 10.2 9.1 ± 0.3 
Tunisia 0.2* 7.5 - 10.4 9.0 ± 0.1 
Libya 0.3** 7.9 - 9.5 8.9 ± 0.1 
Morocco 0.2** 7.7 - 10.5 8.8 ± 0.1 
Israel 0.2** 7.3 - 10.8 8.6 ± 0.1 
Lebanon 0. 2** 7 . 0  - 9 . 2  8.4 ± 0.1 
Iran 0.5** 6.6 - 9.7 8.3 ± 0.1 







Turkey 0.3** 6.7 - 10.1 8.2 db 0.1 
Greece 0.6** 7.3 - 9.2 8.2 ± 0.3 
Iraq 0.5** 7.0 - 9.4 8.2 ± 0.2 
Syria 0.2** 7.1 - 8 . 9  8.0 db 0.1 
Checks 
C.I.9170 0.0 7.0 - 8.4 7.7 d: 0.1 
C.I.9186 0.0 7.0 - 8.0 7.5 ± 0.1 




at a = 5?^ 
Any two means not next to a common line are signifi­
cantly different. 
^Significant at % level. 
^^Significant at Vfo level. 
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Table 19. Frequency distributions of caryopsis lengths for 
A. sterilis collections from several countries and 













Algeria - — 3 12 18 14 
Sardinia - - - - 1 3 1 
Italy 1 - - 1 3 2 
Sicily 1 - - 1 5 5 
Tunisia - 1 6 7 15 7 
Libya - 1 4 3 8 3 
Morocco 0 4 12 19 14 6 
Israel 2 11 29 31 21 4 
Lebanon 1 2 10 4 5 0 
Iran 7 6 13 11 5 4 
Ethiopia - 5 5 6 - -
Turkey 6 13 15 14 6 1 
Greece 1 2 1 1 1 -
Iraq 4 4 2 5 3 — 
Syria 2 5 5 3 - -
Checks 
C.I.9170 - 1 - - - -
C.I.9186 - 1 - - - -
Dal 1 - - - -
-
Total 26 56 105 119 107 47 
Percentage 5.6 12.2 22.8 25.8 23.3 10.2 
^he value for each A. sativa entry is the mean of all 
plots. 
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Sicily, Algeria, Italy, Sardinia, and Tunisia, 41.7, 29.8, 
28.6, 20.0, and 19.5^ of the entries, respectively, had a 
caryopsis lengths greater than mm. Interestingly, over 
90^ of the A. sterilis collections had caryopsis lengths 
greater than the A. sativa checks. 
Variation among A. sterilis collections within countries 
v;as greatest for Italy and Sicily (Table 18), and there was 
no variation among entries from Ethiopia and Sardinia. Within-
country components of variance were statistically significant 
for all the countries except Sicily, Ethiopia, and Sardinia. 
According to Duncan's multiple range test (Table 18), the 
mean of entries from Algeria was significantly different from 
those from all other countries, but not different from those 
from Sardinia, Italy, Sicily, and Tunisia. Means for Syria, 
Iraq, Greece, and Turkey were significantly lower than those 
from all other countries, but not from those for Ethiopia, 
Iran, and Lebanon. 
Width of caryopses 
Caryopsis widths for A. sterilis collections ranged from 
1.2 to 2.6 mm (Table 20). There were 60 A. sterilis entries 
in the same classes for caryopsis width (FlY > 2.1 mm) as A. 
sativa check lines (Table 21). The highest mean (2.2 mm) was 
for collections from Sicily, and the largest value of cary­
opsis width (2.6 mm) v/as for a collection from that country 
(P.I.32^752). However, more than 80^ of A. sterilis collec-
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Table 20. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of caryopsis 
widths for A. sterilis collections from several 











at a = S% 




Algeria 0.01* 1.8 - 2.5 2.1 ± 0.02 
Morocco 0.02** 1.6 - 2.5 2.1 ± 0.02 
Tunisia 0.02* 1.5 - 2.5 2.1 ± 0.03 
Sardinia 0 1.9 - 2.1 2. 0 ± 0.04 





Israel 0.01** 1.6 - 2.4 2.0 ± 0.01 
Italy 0.04 1.6 - 2.2 2.0 ± 0.09 
Turkey 0.02** 1.4 - 2.4 1.9 0.02 




Iran 0.03** 1.5 - 2.6 1.9 ± 0.03 
Lebanon 0.02** 1.5 - 2.2 1.9 ± 0.04 





Iraq 0.05** 1.2 - 2.4 1.8 ± 0.06 
Greece 0.02 1.3 - 1.9 1.7 ± 0.09 
Checks 
C.I.9170 0 2.4 - 2.5 2.4 ± 0.02 
C.I.9186 0 2,1 - 2.3 2.2 ± 0.02 




"^Any two means not next to a common line are signifi­
cantly different. 
«Significant at % level. 
^^ Significant at Vfo level. 
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Table 21. Frequency distributions of caryopsis widths for A. 
sterilis collections from several countries and A. 























Sicily - — 1 8 2 1 
Algeria - - 11 26 8 2 
Morocco - 3 7 31 13 1 
Tunisia 1 - 9 17 7 2 
Sardinia - - 1 4 - -
Ethiopia - 1 8 4 3 -
Israel - 4 36 54 3 1 
Italy 1 - 1 4 1 -
Turkey 1 5 24 18 6 1 
Libya - 2 7 10 - -
Iran 2 5 22 13 2 2 
Lebanon 2 3 9 7 1 -
Syria - 5 7 3 - -
Iraq 4 5 6 2 - 1 
Greece 1 2 3 - - -
Checks 
C.I.9170 - - - - - 1 
C.I.9186 - -




Total 12 35 152 201 47 13 
Percentage 2.6 7.6 33.0 43.7 10.2 2.( 
^he value for each A. sativa entry is the mean of all 
plots. 
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tions had caryopsis width less than 2.2 mm which was comparable 
to C.I.9186, a check line (Table 21). The lowest mean was 1.7 
mm for collections from Greece, and the lowest value was 1.2 
mm for a collection from Iraq (P.I.411998). 
Frequency distributions for caryopsis widths according to 
countries are presented in Table 21 and Appendix B-6. From 
Sicily, Tunisia, and Algeria, 8.3, 5*6, and 4.3^ of the entries, 
respectively, had caryopsis widths between 2.4 to 2.6 mm, 
whereas 23.8 and 16.?^ of the entries from Greece and Iraq, 
respectively, had widths between I.3 to 1.5 mm. 
Variation among A. sterilis collections within countries 
was greatest for Iraq (Table 20), and there was no variation 
among entries that originated from Sardinia. Within-country 
components of variance were statistically significant for 10 
countries. 
According to Duncan's multiple range test (Table 20), 
means for Sicily, Algeria, Morocco, and Tunisia were signifi­
cantly higher from those for Irim, Lebanon, Syria, Iraq, and 
Greece. Furthermore, entries from Iraq and Greece also were 
different from those from Sardinia, Ethiopia, and Israel. 
Weight of 10 caryopses 
Ten-caryopses weights for A. sterilis collections range 
from 41 to 273 mg (Table 22). There were 43 A. sterilis 
entries in the same class for 10-caryopses weight (SV/g > 189 
mg) as the A. sativa check lines (Table 23). The highest mean 
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Table 22. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of 10-
caryopses weights for A. sterilis collections from 











at a = 5?^ 
Sardinia 0 167 - 198 180.0 ± 5.6 
Sicily 541.2 129 - 232 176.5 8.6 
Tunisia 395.0* 115 - 229 167.9 4.8 
Algeria 713.0** 112 - 262 166.8 ± 4.6 
Morocco 667.9** 88 - 236 157.9 ± 4.5 
Italy 1331.7* 92 - 215 154.4 ±15.1 
Israel 487.7** 95 - 2 $8 143.8 ± 2.6 
Libya 207.3 105 - 171 142.3 ± 4.5 
Turkey 832.7** 41 - 205 137.3 ± 4.5 
Iran 600.5** 69 - 273 134.0 ± 4.6 
Ethiopia 7.9 114 - 162 132.8 ± 3.4 
Lebanon 408.9* 79 - 177 128.4 ± 5.8 
Greece 411.3 102 - 171 127.5 ±10.2 
Iraq 714.0** 75 - 191 123.8 ± 7.1 
Syria 559.3** 63 - 146 115.9 ± 6.6 
Checks 
C.I.9170 50.0 142 - 258 209.7 ± 3.8 
C.I.9186 90.5 161 - 260 205.8 ± 3.5 
Dal 108.2 166 - 255 211.1 ± 3.3 
^Any two means not next to a common line are signifi­
cantly different. 
^Significant at % level. 
^^ Significant at Vfo level. 
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Table 23. Frequency distributions of 10-caryopses weights 
for A. sterilis collections from several countries 
and A. sativa check strains 
Class interval 
Country 









Sardinia — — — 2 2 1 
Sicily - 1 1 3 3 4 
Tunisia - li 9 5 11 7 
Algeria - 7 9 9 9 13 
Morocco 5 6 14 9 13 8 
Italy 1 - 3 1 - 2 
Israel 10 23 26 25 13 1 
Libya 1 4 8 4 2 
Turkey 8 14 15 10 4 , 4 
Iran 7 16 12 9 - 2 
Ethiopia - 9 5 2 - -
Lebanon 7 3 7 4 1 -
Greece 2 2 1 - 1 -
Iraq 6 6 3 1 1 1 
Syria 5 5 5 - - -
Checks 
C.I.9170 - - - - - 1 
C.I.9186 - - - - - 1 
Dal - - - - - 1 
Total 52 100 118 84 60 46 
Percentage 11.3 21.7 25.6 18.3 13.1 10.0 
^he value 
plots. 
for each A. sativa entry is the mean of all 
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(180 mg) was for collections from Sardinia, and the largest 
line value for 10-caryopses weight (273 mg) was for a collec­
tion from Iran (P.1.411742). On the other hand, more than 90fo 
of the collections had caryopsis weights less than 189 mg 
(Table 23) which was comparable to A. sativa check lines. The 
lowest mean was II6 mg for collections from Syria and the 
lowest value for this trait was 4l mg for a collection (P.I. 
412595) from Turkey. 
Frequency distributions for 10-caryopses weights of A. 
sterilis lines by country are presented in Table 23 and Appen­
dix B-8. From Sicily, Italy, Algeria, Sardinia, and Tunisia, 
33.3, 28.6, 27.7, 20.0, and 19.4^ of the entries, respectively, 
had 10-caryopses weights greater than I89 mg, whereas over 33^ 
of the entries from Lebanon, Greece, Iraq, and Syria had 
weights of less than 110 mg 
Variation among A. sterilis collections within countries 
was greatest for Italy (Table 22 ), and there was little or no 
variation among entries that originated from Ethiopia and 
Sardinia. Within-country components of variance were statis­
tically significant for 10 countries. 
According to Duncan's multiple range test (Table 22), 
means of entries from Sardinia, Sicily, Tunisia, and Algeria 
were significantly greater than those from all other countries. 
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Number of spikelets per panicle 
Number of spikelets per panicle for the A, sterilis col­
lections ranged from 10.7 to 90.7 (Table 2^). There were 95 
A. sterilis entries in the same classes for number of spikelets 
per panicle (NS > 35) as the A. sativa check lines (Table 25). 
The highest mean (46.0) was for collections from Iran, and the 
largest entry value for number of spikelets per panicle (90.7) 
was for a collection from Turkey (P.I.412441). On the other 
hand, more than 75^ of A. sterilis entries had less than 35 
spikelets per panicle which was comparable to G.I.9170, a check 
line (Table 25). The lowest country mean (18.9) was for col­
lections from Sicily, and the lowest line value for this trait 
was 10.7 for a collection from Israel (P.I.309033)' 
Frequency distributions for number of spikelets per 
panicle are presented in Table 25 and Appendix B-7. From 
Iran and Turkey, 63.1 and 43.6^ of the entries, respectively, 
had more than 39 spikelets per panicle, whereas 33.3 and 12.8% 
of the entries from Sicily and Algeria, respectively, had less 
than 15. 
Variation among A. sterilis collections within countries 
were greatest for Turkey and Iran (Table 24), and there was 
little variation among entries that originated from Libya, 
Tunisia, and Greece. Within-country components of variance 
were statistically significant for eight countries. 
According to Duncan's multiple range test (Table 24), the 
mean of entries from Iran was significantly higher than those 
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Table 24. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of numbers 
of spikelets per panicle for A. sterilis collec­








of variance Range Mean 
Iran 102.5** 17.4 - 73.9 46.0 ± 2.0 
Turkey 98.8** 22.0 - 90.7 40.4 ± 1.7 
Greece 8.2 27.4 - 39.9 32.3 ± 2.2 
Syria 80.0** 18.1 - 56.4 32.1 2.6 
Ethiopia 26.0** 21.3 - 42.6 30.5 ± 1.4 
Iraq 37.7 17.5 - 58.7 29.5 ± 2.5 
Lebanon 17.5* 18.1 - 36.7 27.4 ± 1.2 
Sardinia 18.6 17.7 - 31.8 26.9 ± 2.4 
Tunisia 5.3 11.4 - 59.8 24.8 ± 1.2 
Italy 16.7 16.2 - 30.6 24.5 ± 1.9 
Israel 23.9** 10.7 - 46.0 22.9 ± 0.6 
Morocco 21.3** 13.4 - 33.0 22.7 ± 0.7 
Libya 2.5 14.8 - 30.5 22.4 ± 1.0 
Algeria 16.2* 12.7 - 35.6 21.9 ± 0.8 
Sicily 15.8 14.0 - 27.8 
o\ CO 1—1 
± 1.4 
Checks 
C.I.9170 7.1 25.3 - 45.4 36.9 ± 2 . 3  
C.I.9186 3 . 1  41.7 -f 5 9 . 1  50.8 ± 3 . 2  




at a = 5^^ 
^Any two means not next to a common line are signifi­
cantly different. 
^Significant at % level. 
^^ Significant at Vfo level. 
64 
Table 25. Frequency distributions of numbers of spikelets 
per panicle for A. sterilis collections from 
several countries and A. sativa check strains 
Country Class interval 
of origin <15 15-19 20-24 25-29 30-34 35-39 >39 
Iran — 1 2 1 4 9 29 
Turkey - - 1 12 8 10 24 
Greece - - - 3 1 2 -
Syria - 1 2 5 3 1 3 
Ethiopia - - 3 4 5 3 1 
Iraq - 2 6 4 2 2 2 
Lebanon - 2 7 5 5 3 -
Sardinia - 1 - 3 1 - -
Tunisia 1 4 17 9 4 - 1 
Italy - 1 3 2 1 -
Israel 2 24 49 14 5 2 2 
Morocco 2 18 17 10 8 - -
Libya 1 5 8 ' 3 2 - . -
Algeria 6 14 16 6 4 1 -
Sicily 4 4 2 2 - - -
Checks 
C.I.9170 - - - - - 1 -
C.I.9186 - - - - - - 1 
Dal - - - - - - 1 
Total 16 77 133 83 53 34 64 
Percentage 3.5 16.7 28.9 18.0 11.5 7.5 13.9 
^he value for each A. sativa entry is the mean of all 
plots. 
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for all other countries, but not different from that for 
Turkey. Furthermore, the mean for Turkey was significantly 
higher than those for all other countries except Greece 
and Syria. 
Protein percentage of groat 
Groat-protein percentages for the A. sterilis collections 
ranged from 16.5 to 31.1 (Table 26). Twenty-seven entries had 
groat-protein of 26.0% or greater (Table 27). Interestingly, 
over 85% of the collections had groat-protein greater than 
21.0% which was the mean for Dal, the highest A. sativa check 
line (Table 27). Collections from Iraq and Libya had the 
highest mean values (24.0 and 23.7%, respectively) for this 
trait. The highest value was 31«1^ for a collection from 
Libya (P.I.324780). On the other hand, only 35 collections 
had groat-protein of less than 18.0% (Table 27) which was 
comparable to C.I.9170, the lowest check line. The lowest 
mean was 21.5% for collections from Sicily and the lowest 
value for an individual line was 16.5% for one collection 
(P.1.411742) from Iran. 
Frequency distributions for groat-protein percentages of 
A. sterilis lines by countries are presented in Table 27 and 
Appendix B-9. From Iraq, Libya, Iran, and Italy, 22.3, 15.8, 
15.2, and 14.30 of the entries, respectively, had groat-
protein of more than 26.0%, whereas 16.7% of the entries from 
Sicily had less than 18.0%. 
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Table 26. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of groat-
protein percentages for A. sterilis collections 












at a = 
Iraq 4.5** 19.9 — 30.2 24.0 db 0.6 
Libya 3.4** 20.5 - 31.1 23.7 ± 0.5 
Italy 7.2* 20.3 - 28.6 23.2 ± 1.1 
Iran 3.9** 16.5 - 28.8 23.1 ± 0.4 
Syria 5.8** 19.4 30.0 23.1 ± 0.7 
Ethiopia 1.5 20.2 - 25.7 22.9 ± 0.4 
Israel 1.7** 18.5 - 26.6 22.5 ± 0.2 
Lebanon 0 20.4 — 24.8 22.4 ± 0.3 
Algeria 1.5** 17.9 - 26.8 22.3 ± 0.2 
Turkey 4. 5*$ 18. 3 - 30.6 22.3 ± 0.3 
Sardinia 0.3 21.1 - 24.1 22.3 ± 0.6 
Morocco 2.1** 17.6 - 27.3 22.2 ± 0.2 
Greece 0 20.9 - 23.8 22.2 ± 0.5 
Tunisia 0.5 18.8 - 25.8 22.1 ± 0.3 
Sicily 0.7 19.7 - 23.8 21.5 ± 0.4 
Checks 
C.I.9170 0.6 16.1 - 21.4 18.6 ± 0.2 
C.I.9186 0.3 18.4 - 22.9 20.1 ± 0.1 
Dal 0 18.3 - 22.9 21.0 ± 0.1 
^Any two means not next to a common line are signifi­
cantly different. 
^Significant at 5^ level. 
^^ Significant at 1^  level. 
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Table 27. Frequency distributions of groat-protein percent­
ages for A. sterilis collections from several 
countries and A. sativa check strains 
Class interval 
Country 











Iraq - 1 3 6 4 3 1 
Libya - - 6 6 4 2 1 
Italy - - 2 3 1 - 1 
Iran 1 5 8 15 10 6 1 
Syria - 1 5 6 2 - 1 
Ethiopia - 6 5 5 - -
Israel - 6 29 45 15 3 -
Lebanon - - 7 12 .3 - -
Algeria 1 2 16 20 7 1 -
Turkey - 9 16 17 8 2 3 
Sardinia - - 3 1 1 - -
Morocco 1 2 20 25 5 2 -
Greece - - 2 4 - - -
Tunisia - 12 16 4 - -
Sicily - 2 3 7 - - -
Checks 
C.I.9170 - 1 - - - - -
C.I.9186 - - 1 - - - -
Dal - - 1 - - - -
Total 3 33 140 188 69 19 8 
Percentage 0.6 7.2 30.4 40.9 15.0 4.1 1.7 
^he 
the plots. 
value for each A. sativa entry is the mean of all 
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There was little or no variation among entries that 
originated from Lebanon, Greece, Sicily, Tunisia, and Sardinia 
(Table 26); however, variation among A. sterilis collections 
within countries was relatively high and statistically sig­
nificant for other countries. The variation among A. sterilis 
collections was greatest for Italy. 
According to Duncan's multiple range test (Table 26), 
means of entries from Iraq and Libya were significantly higher 
than those for all other countries, but not different from 
those from Italy, Iran, Syria, and Ethiopia. 
Protein -percentage of straw 
Straw-protein percentages for the A. sterilis collections 
ranged from 4. 3 to 11.4 (Table 28). There were 355 ^  sterilis 
entries with straw-protein of 6.0^ or above (Table 29) which 
was comparable to Dal, an A. sativa check line. Collections 
from Sardinia had the highest mean (8.1^) for this trait. The 
highest line value was 11.4^ for two collections from Turkey 
and Syria (P.I.412478 and P.I.412327, respectively). On the 
other hand, only 12 collections had straw-protein percentage 
less than 4.9 (Table 28) which was comparable to C.I.9186, an 
A. sativa check line. The lowest country mean was 6.3^ for 
collections from Ethiopia and the lowest value for straw-
protein percentage was 4.3 for a collection from Israel 
(P.I.287226). 
Frequency distributions for straw-protein percentages of 
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Table 28. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of straw-
protein percentages for A. sterilis collections 












at a = 5^^ 
Sardinia 0.8 7.0 - 9.8 8.1 ± 0.6 
Italy 0.9 6.5 - 9.8 7.9 ± 0.5 
Iran 0.1 4.7 - 9.8 7.6 ± 0.2 
Iraq 1.2* 5.8 - 10.7 7.4 ± 0.3 
Libya 0.3 5.1 - 8.8 7.1 ± 0.2 
Lebanon 0.2 5.3 - 9.1 7.1 ± 0.2 
Turkey 0.5 ^.7 - 11.4 7.0 rb 0.2 
Sicily 0.7 5.9 - 10.0 7.0 ± 0.4 
Morocco 0 5.2 - 9.1 6.8 ± 0.1 
Tunisia 0.6* 4.5 - 9.6 6.8 ± 0.2 
Syria 1.3 5.1 - 11.4 6.8 ± 0.4 
Greece 1.8 4-.8 - 8.9 6.5 d: 0.6 
Algeria 0.2 4.4 - 9.0 6.5 ± 0.1 
Israel 0 4.3 - 9.3 6.3 ± 0.1 
Ethiopia 0 4.8 - 7.9 6.3 ± 0.2 
Checks 
C.I.9170 0.1 4.0 - 7.4 5.7 ± 0.1 
C.I.9186 0.1 3.1 - 7.8 5.2 ± 0.2 
Dal 0.1 4.2 - 9.5 6.3 ± 0.2 
^Any two means not next to a common line are signifi­
cantly different. 
•^ Significant at % level. 
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Table 29. Frequency distributions of straw-protein percentages 
for A. sterilis collections from several countries 
and A. sativa check strains^ 
Glass interval 
Country 



















Sardinia — — — 3 — 2 — 
Italy - 3 1 1 2 -
Iran 1 5 6 16 12 6 -
Iraq - 2 8 3 3 1 1 
Libya - 4 1 12 2 - -
Lebanon - 3 8 6 4 1 -
Turkey 3 9 16 13 12 1 1 
Sicily - 2 5 4 - - 1 
Morocco - 9 23 17 5 1 — 
Tunisia 1 6 14 10 3 2 -
Syria - 4 6 3 1 - 1 
Greece 1 1 2 1 1 - -
Algeria 2 8 29 3 4 1 -
Israel 3 34 44 14 1 2 -
Ethiopia 1 5 6 4 - - -
Checks 
C.I.9170 - 1 - - - - -
C.I.9186 - 1 - - - -
— 
Dal - - 1 - - - -
Total 12 94 172 110 49 19 4 
Percentage 2.6 20.4 37.4 23.9 10.6 4.1 0.9 
^he • 
plots. 
value for each A. sativa entry is ; the mean of all 
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A. sterilis lines ty countries are presented in Table 29 and 
Appendix B-10. Interestingly, 8.3. 6.7, 5.6, and 1.8# of the 
entries from Sicily, Syria, Iraq, and Turkey, respectively, 
had straw-protein at 10.0^ or above, whereas over 37% of the 
entries from Ethiopia and Israel had less than 
Variations among A. sterilis collections within countries 
were greatest for Greece, Syria, and Iraq (Table 28); however, 
there was significant variation among entries within countries 
for this trait only in Iraq and Tunisia. 
• According to Duncan's multiple range test (Table 28), 
differences among the countries were not statistically 
significant. 
Oil percentage of groat 
Groat-oil percentages for the A. sterilis collections 
ranged from 4.2 to 10.1 (Table 30). There were I03 entries 
with groat oil at 8.5^ and above (Table 3I) which was com­
parable to Dal, the highest A. sativa check line. The highest 
mean (8,2fo) was for collections from Israel, and largest value 
of groat-oil percentage (10.1) was for a collection from Al­
geria (P.I.411^40). There were 27 A. sterilis entries in the 
same class for groat-oil percentage (GO < 6.5?^) as two of the 
check lines, G.I.9170 and C.I.9I86. The lowest mean for this 
trait was 7*0^ for collections from Greece, and the lowest 
value was 4.2^ for an individual line (P.I.412313) from Syria. 
Frequency distributions for groat-oil percentages accord-
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Table 30. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of groat-
oil percentages for A. sterilis collections from 











at a = 5^^ 
Israel 0.3** 6.5 - 9.9 8.2 ± 0.1 
Ethiopia 0 7.3 - 8.9 8.0 ± 0.1 
Algeria 0.6** 6.1 - 10.1 7.9 ± 0.1 
Morocco 0.4** 5.9 - 9.2 7.9 ± 0.1 
Tunisia 0 6.9 - 8.7 7.8 db 0.1 
Syria 1.3* 4.2 - 9.5 7.7 ± 0.3 
Iraq 0.8** 5.1 - 9.3 7.7 ± 0.3 
Sicily 0.4* 6.6 - 9.3 7.7 ± 0.2 
Turkey 0.7** 5.0 - 9.7 7.7 ± 0.1 
Libya 0.5** 5.8 - 9.3 7.6 0.2 
Italy 0.4 6.4 - 8.7 7.5 ± 0.4 
Lebanon 0.3 5.9 - 8.6 7.4 ± 0.2 
Iran 0.2 5.6 - 8.9 7.3 ± 0.1 
Sardinia 0.1 6.4 - 7.5 7.2 ± 0.2 
Greece 0.1 5.9 - 8.1 7.0 ± 0.3 
Checks 
C.I.9170 0 5.4 - 7.2 6.2 ± 0.1 
C.I.9186 0 4.5 - 7.1 5.2 ± 0.1 
Dal 0.1 7.3 9.7 8.0 ± 0.1 
^Any two means not next to a common line are signifi­
cantly different. 
"^Significant at 5^ level. 
"^ S^ignificant at 1^  level. 
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Table 31. Frequency distributions of groat-oil percentages 
for A. sterilis collections from several countries 
and A. sativa "check strains^ 
Class interval 
Country 











Israel — 6 7 20 25 26 14 
Ethiopia - - 2 5 7 2 -
Algeria - 8 6 15 4 8 6 
MorocCO 4 4 6 13 14 10 4 
Tunisia - 1 8 14 7 6 -
Syria 2 1 2 2 4 2 2 
Iraq 2 1 2 4 4 3 2 
Sicily - 2 3 4 2 - 1 
Turkey 5 5 10 13 12 5 5 
Libya 2 1 2 9 3 - 2 
Italy 1 1 1 2 - 2 - ' 
Lebanon 3 4 4 6 4 1 -
Iran 5 9 11 12 7 2 -
Sardinia 1 - 1 3 - - -
Greece 2 1 1 1 - - -
Checks 
C.I.9170 1 - - - - - -
G.I.9186 1 - - - - - -
Dal - - - - 1 - -
Total 29 44 66 123 95 67 36 
Percentage 6.3 9.5 14.3 26.7 20.6 14.6 7.8 
^The 
plots. 
value for each A. sativa entry is the mean of all 
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ing to countries are presented in Table 31 and Appendix B-11. 
From Israel, Syria, and Algeria, 1^.3» 13»3» and 12.8^ of the 
entries, respectively, had groat-oil percentages greater than 
8.9. Interestingly, over SOfo of A. sterilis entries had groat-
oil of more than 6.5% which was comparable to C.I.9170 and 
C.I.9I86, two check lines. From Sardinia and Greece, 20.0 and 
33.30 of the entries, respectively, had less than 6.S% of 
groat-oil. 
Variation among A. sterilis collections within countries 
was greatest for Syria (Table 30), and there was little or no 
variation among entries that originated from most other 
countries. However, within-country components of variance were 
statistically significant for eight countries. 
According to Duncan's multiple range test (Table 30), 
the mean of entries from Israel was significantly higher than 
those for all other countries, but not different from that for 
Ethiopia. Furthermore, means for Ethiopia, Algeria, Morocco, 
and Tunisia were statistically different from those for 
Lebanon, Iran, Sardinia, and Greece. 
Date of heading 
Heading-dates for the A. sterilis collections ranged from 
4 to 58 days after May 31 (Table 32). There were 203 A. 
sterilis entries in the same classes of heading dates as A. 
sativa check lines (Table 33)* The lowest mean (I3.2 days) 
was for collections from Ethiopia, and the lowest value for 
date of heading was 4 days for a collection from Iraq (P.I. 
411999). On the other hand, most of the A. sterilis collec­
tions had a heading date of more than 20 days (Table 33) which 
was comparable to Dal, a late A. sativa check line. The high­
est mean was 35-3 days for collections from Lebanon and the 
latest value for an individual line v/as 58 days for a collec­
tion (P.I.412216) from that country. 
Frequency distributions for dates of heading according to 
countries are presented in Table 33 and Appendix B-12. From 
Ethiopia 31"3^ of the entries had a heading date of less than 
9 days, whereas 42.9, 36.4, 26.1 and 25.50 of the entries from 
Italy, Lebonon, Iran, and Turkey, respectively, had heading 
dates of 40 or greater. However, the intermediate classes of 
dates of heading predominated in most countries. 
Variations among A. sterilis collections within countries 
were greatest for Italy and Turkey (Table 32), and there was 
little variation among entries that originated from Ethiopia, 
Sardinia, and Greece. Within-country components of variance 
were statistically significant for 10 countries. 
According to Duncan's multiple range test (Table 32), 
means of entries from Lebanon, Iran, and Turkey were signifi­
cantly later than those from Israel and Ethiopia, but not 
different from those from other countries. 
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Table 32. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of heading 
dates for A. sterilis collections from several 







of variance Range Mean 
Duncan ° s 
multiple 
range test 
at a = 5?^^ 
Lebanon 53.7* 18 — 58 35.3 ± 2.1 
Iran 51.4 6 - 53 31.2 1.8 
Turkey 82.2** 8 - 57 20.5 1.7 
Italy 151.8* 14 - 46 30.5 ± 1.7 
Greece 11.7 15 - 36 29.0 ± 3.0 
Sardinia 9.2 20 - 35 28.8 ± 3.1 
Syria 23.1 13 - 47 26.9 ± 2.2 
Tunisia 31.0* 6 - 39 23.3 ± 1.3 
Morocco 45.8** 7 - 51 22.5 ± 1.2 
Algeria 69.2** 6 - 46 21.6 ± 1.4 
Iraq 68.2* 4 - 38 
1—i 
± 2.4 
Sicily 58.9* 7 - 36 17.6 2.7 
Libya 29.0* 8 - 35 17.1 ± 1.6 
Israel 31.9** 6 - 38 16.0 ± 0.6 
Ethiopia 3.3 6 - 22 13.2 ± 1.2 
Checks 
C.I.9170 0 2 - 2 2.0 ± 0.0 
C.I.9186 0 5 - 6 5.1 ± 0.1 
Dal 0 16 - 16 15.5 ± 0.0 
^Any two means not next to a common line are signifi­
cantly different. 
^Significant at % level. 
^^ Significant at level. 
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Table 33. Frequency distributions of heading dates for A. 
sterilis collections from several countries and 




<9 10-19 20-29 30-39 40-49 >49 
Lebanon — 1 7 6 7 1 
Iran 1 8 9 16 9 3 
Turkey 1 11 17 12 9 5 
Italy - 2 1 1 3 -
Greece - 1 1 4 - -
Sardinia - - 2 3 - -
Syria - 1 10 3 1 -
Tunisia 2 9 16 9 - -
Morocco 1 24 19 8 2 1 
Algeria 5 16 16 8 2 -
Iraq 5 6 4 3 - -
Sicily 2 7 1 2 - -
Libya 3 9 6 1 - -
Israel 11 63, 20 4 - -
Ethiopia 5 9 2 - - -
.Checks 
C.I.9170 1 - - - - -
C.I.9186 1 - - - - -
Dal - 1 - - - -
Total 38 168 131 80 33 10 
Percentage 8.3 36.5 28.5 17.4 7 . 2  2.: 
^he value 
plots. 
for each A. sativa entry is the mean of all 
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Response to vernalization 
Responses to vernalization for the A. sterilis collec­
tions ranged from 5 to 67 days (Table 34). There were 24 A. 
sterilis entries in the sajne class for response to vernaliza­
tion (VR < 9 days) as the A. sativa check lines (Table 35)• 
Collections from Italy had the lowest mean value (17.6 days) 
for this trait. The lowest value was 5 days for five collec­
tions from Iran, Turkey, Sardinia, and Israel (P.I.411776, 
P.I.412480, P.I.324763, and P.I.309193, respectively). On the 
other hand, more than 90fo of the A. sterilis collections had 
a response to vernalization of more than 10 days (Table 35), 
and 65 collections had a response of more than 40 days. Col­
lections from Algeria had the highest mean value (33.3 days) 
for this trait, and the largest value for an individual line 
was 67 days for one collection (P.I.411512) from that country. 
Frequency distributions for vernalization responses of 
A. sterilis lines by countries are presented in Table 35 and 
Appendix B-I3. From Iran, Tunisia, Algeria, and Ethiopia, 
32.6, 27.8, 27.6, and 25.055 of the entries had a response to 
vernalization of 40 days or greater, whereas 71.4, 66.6, 6Ô.0, 
and 54.1^ of the entries from Italy, Sicily, Sardinia, and 
Israel, respectively, had responses of 19 days and less. 
Variation among A. sterilis collections within countries 
was greatest for Sardinia (Table 34) and lowest for Italy. 
Within-country components of variance were statistically sig­
nificant for 11 countries. 
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Table 34. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of responses 
to vernalization for A. sterilis collections from 





count r y 
component 
of variance Range Mean 
Algeria 91.7** 9 - 67 33.3 ± 1.6 
Morocco 46.8* 9 - 60 32.1 i 1.4 
Iran 196.7** 5 - 59 31.9 i: 2.2 
Tunisia 140.6** 12 - 57 30.7 ± 2.2 
Iraq 55.5 11 - 47 25.0 ± 2.5 
Ethiopia 156.7** 7 - 50 24.4 ± 3.2 
Syria 72.8* 8 - 42 23.7 ± 2.6 
Greece 67.1 7 - 32 22.5 ± 3.8 
Libya 60.4* 7 - 40 22.3 ± 2.3 
Turkey 66.6** 5 - 49 21.3 ± 1.3 
Sardinia 237.0** 5 - 43 20.8 ± 6.9 
Lebanon 42.5* 7 - 35 21.0 ± 1.7 





Israel 47.1** 5 - 58 19.4 ± 0.9 
Italy 29.0 9 - 30 17.6 ± 2.6 
Checks 
C.I.9170 0.5 1 - 11 3.9 ± 0.3 
G.I.9186 0.8 1 - 11 4.6 ± 0.3 




at a = 
• Any two means not next to a common line are signifi­
cantly different. 
^Significant at level. 
•^^Significant at Vfo level. 
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Table 35» Frequency distributions of responses to vernaliza­
tion for A. sterilis collections from several 




<9 10-19 20-29 30-39 40-49 >49 
Algeria 1 3 11 19 9 4 
Morocco . 1 5 16 22 9 2 
Iran 3 6 13 9 7 8 
Tunisia - 6 15 5 6 4 
Iraq - 7 5 4 2 -
Ethiopia 1 7 3 1 3 1 
Syria 1 6 4 2 2 -
Greece 1 - 3 2 - -
Libya 1 9 4 3 2 -
Turkey 3 24 15 10 3 -
Sardinia 1 2 - 1 1 -
Lebanon 1 10 7 4 - -
Sicily 1 7 3 1 - -
Israel 8 45 36 7 1 1 
Italy 1 4 1 1 - -
Checks 
0,1.9170 1 , _ - - - -
G.I.9186 1 - - - - -
Dal 1 - - -
- -
Total 27 141 136 91 45 20 
Percentage 5.8 30.5 29.6 19.8 9.8 4.: 
^he value for each A. sativa entry is the mean of all 
plots. 
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According to Duncan's multiple range test (Table 34), 
means of entries from Algeria, Morocco, Iran, and Tunisia for 
vernalization response were significantly higher than those for 
all other countries. Furthermore, means for Israel and Italy 
were significantly lower than those for all other countries, 
but not different from those that originated from Syria, 
Greece, Libya, Turkey, Sardinia, Lebanon, and Sicily. 
Response to photoperiod. 
Responses to photoperiod for the A. sterilis collec­
tions ranged from -4 to +4 (i.e., -4 means the entries headed 
at least 14 days sooner in Iowa, and +4 means they headed at 
least 14 days sooner in Colombia, see Table 2, page 24) (Table 
36), There were 179 A. sterilis entries in the same class 
of response to photoperiod (PhR < -2.5) as A. sativa check 
lines (Table 37). These entries in Iowa headed at least 12 
days sooner than in Colombia. Collections from Iran and 
Algeria had the lowest mean values (-2.6) for the trait, i.e., 
they were the most long-day sensitive plants. On the other 
hand, 114 A. sterilis entries were short-day sensitive plants 
(i.e., PhR > 0) and 70 entries were photoperiod insensitive 
(-0.5 < PhR < +0.5). The most short-day sensitive collections 
were those from Ethiopia with the highest mean value of 1.3 
(Table 36). The largest value was +4 for a collection from 
Iran (P.I.411776) and the lowest value was -4 found for many 
lines from different countries. 
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Table 36. Means, ranges, within-country components of vari­
ance, and Duncan's multiple range test of re­
sponses to photoperiod for the A. sterilis collec­







origin of variance Range Mean 
Ethiopia 4.9** -4. 0 to 3.5 1.3 0.5 
Greece 5.0** -3. 0 to 3.5 1.0 ± 1.0 
Libya 3.7** -4. 0 to 3.5 0.2 ± 0.5 
Morocco 4.5** -4. 0 to 3'5 0.1 d: 0.3 
Israel 3.7** -4. 0 to 3.0 -0.8 ± 0.2 
Sicily 2.2** -4. 0 to 1.5 -1.0 ± 0.5 
Italy 
. 5.5** -4. 0 to 2.5 -1.1 0.9 
Tunisia 3.5** -4. 0 to 2.0 -1.1 ± 0.3 
Syria 3.7** -4. 0 to 2.0 -2.0 ± 0.5 
Turkey 5.7** -4. 0 to 3.5 -2.2 ± 0.3 
Sardinia 2.4** -4. 0 to 0.0 
-2.3 ± 0.7 
Lebanon 3.  7** -4. 0 to 2.0 -2.3 ± 0.4 
Iraq 3.6** -4. 0 to 3.0 -2.4 ± 0.5 
Algeria 3.6** -4. 0 to 3.5 -2.6 ± 0.3 
Iran 4.3** -4. 0 to 4.0 -2.6 ± 0.3 
Checks 
C.I.9170 0 -4 to -4 -4.0 ± 0.0 
G.I.9186 0 -4 to -4 -4.0 ± 0.0 




at a = 5^^ 
^Any two means not next to a common line are signifi­
cantly different. 
^^ Significant at 1^  level. 
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Table 37» Frequency distributions of response to photoperi-
od for A. sterilis collections from several 
countries and A. sativa check strains^ 
Class interval 
Country 











Ethiopia 2 - - 2 3 6 3 
Greece 1 - - 1 3 - 2 
Libya 2 - 3 5 5 3 1 
Morocco 9 4 5 10 13 9 5 
Israel 23 11 18 21 14 10 1 
Sicily 1 4 2 3 2 -
Italy 2 2 - 1 1 1 -
Tunisia 9 5 3 13 5 1 -
Syria 9 - 2 2 1 1 — 
Turkey 35 1 4 4 6 3 2 
Sardinia 3 - 1 1 - - -
Lebanon 13 3 2 1 2 1 -
Iraq 9 5 1 2 - - 1 
Algeria 27 12 2 2 1 1 2 
Iran 3k 3 1 2 3 2 1 
Checks 
G.I.9170 1 - - - - - -
G.I.9186 1 - - - - - -
Dal 1 - - - - - -
Total 182 50 44 70 58 38 18 
Percentage 39.6 10.9 9.6 15.2 12.6 8.3 3.9 
^he value for each A. sativa entry is the mean of all 
plots. 
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Frequency distributions for responses of A. sterilis 
collections to photoperiod, in different countries, are 
presented in Table 37 and Appendix B-14. From Greece and 
Ethiopia 33.3 and 28.8# of the entries had a heading date of 
more than 12 days sooner in Colombia than in Iowa (i.e. , 
PhR > 2,5). i.e., they were short-day responsive. On the 
other hand, the lower class of response to photoperiod. 
(PhR < -2.5) predominated in most countries. From Tunisia, 
Libya, Sicily, and Israel, 36.1, 26.3, 25.0, and 21.4^ of the 
entries were photoperiod-insensitive (i.e., -0.5 < PhR < +0.5). 
Variation among A. sterilis collections within countries 
was greatest for Turkey and lowest for Sicily (Table 36), but 
within-country components of variance were significant for all 
countries. 
According to Duncan's multiple range test (Table 3 6 ) ,  
four groups of countries occurred with respect to photoperiod 
reaction; (a) Ethiopia and Greece; (b) Libya and Morocco; 
(c) Israel, Sicily, Italy, and Tunisia; (d) Syria, Turkey, 
Sardinia, Lebanon, Iraq, Algeria, and Iran. The A. sterilis 
means from each group were statistically different from those 
in the other three groups. 
Resistance to races of crown rust 
Percentages of resistance to races of crown rust for the 
A. sterilis collections ranged from 0 to 100 (Table 38). 
Sixteen entries had resistance percentages of 83 and 100 
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(Table 39) which was comparable to C.I.9170i an A. sativa 
check line. Interestingly, six collections: three from Israël 
(P.I.282731, P.I.318001, and P.I.287211), two from Algeria 
(P.I.411502 and P.I.411559), and one from Lebanon (P.I.412244), 
were resistant to all races of crown rust studied. Collections 
from Sardinia had the highest mean value (36.8#) for this 
trait. On the other hand, 306 A. sterilis entries were sus­
ceptible to all six races of crown rust. The lowest mean value 
was 0.4^ for collections from Iran. 
Frequency distributions for percentages of resistance of 
A. sterilis lines by country are presented in Table 39 and 
Appendix B-I5. From Sardinia, Italy, and Israel, 40.0, 25.0, 
28.6, and 18.4% of the entries, respectively, were resistant 
to at least four races (i.e., PR > 67?^) which was comparable 
to Ç.1.9170, a check line, whereas over 65^ of the total 
collections was susceptible to all six races. 
Frequency distributions of reactions to races of crown 
rust for A. sterilis collections are presented in Table 40. 
There were 37 different classes for resistance on the basis of 
the six races of crown rust. Among the resistant collections, 
36 were in class 56 (i.e., only resistance to race PC44), 20 
were in class 48 (i.e., only resistance to race 202), and 15 
were in class 40 (i.e., resistance to races PC44 and 202). 
There were less than 5 entries in most of the other classes 
(Table 40), Interestingly, there was at least one entry from 
Israel in nearly every reaction class which indicated the 
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Table 38. Means and ranges of percentage of resistance to 
races of crown rust for A. sterilis collections 
from several countries and three A. sativa check 
strains 
Country 
of origin Range Mean 
Sardinia 0 - 67 36.8 ± 13.4 
Israel 0 - 100 26.4 ± 2.9 
Italy 0 - 67 26.3 ± 11.5 
Sicily 0 - 83 20.8 ± 10.1 
Lebanon 0 - 100 16.7 ± 5.4 
Ethiopia 0 - 83 14.8 ± 5.0 
Algeria 0 - 100 11.7 ± 3.6 
Turkey 0 - 83 10.3 ± 2.7 
Morocco 0 - 67 7.6 ± 1.9 
Greece 0 - 17 ,^6 ± 3*6 
Libya 0 - 50 4.4 ± 2.8 
Syria 0 - 50 3.3 ± 3.3 
Iraq 0 - 33 2.8 ± 2.0 
Tunisia 0 - 17 2.4 ± 1.0 
Iran 0 - 17 0.4 ± 0.4 
Checks 
G.I.9170 33 - 83 58.2 ± 6.0 
C.I.9186 0 - 67 26.0 ± 5.0 
Dal 0 - 33 18.7 ± 4.0 
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Table 39. Frequency distributions of percentage of resistance 
to races of crown rust for A. sterilis collections 
from several countries and A. sativa check strains^ 
Country 
of origin 
Class 1 interval 
0 17 33 50 67 83 100 
Sardinia 1 1 1 — 2 1 1 
Israel 39 16 18 7 11 4 3 
Italy 3 1 1 - 2 - -
Sicily 8 1 - - 1 2 -
Lebanon 11 6 3 - 1 - 1 
Ethiopia 6 9 - - - 1 -
Algeria 33 7 3 1 - 1 2 
Turkey 40 4 7 2 - 2 -
Morocco 39 10 4 1 1 - -
Greece 4 2 - - - - -
Libya 16 2 - 1 - - -
Syria 14 - - 1 - - -
Iraq 16 1 1 - - - — 
Tunisia 31 5 - - - - — 
Iran 45 1 - - - - -
Checks 
C.I.9170 - - - - 1 - -
C.I.9186 - 1 - - - - -
Dal - 1 - - - - . -
Total 306 68 38 13 19 10 6 
Percentage 66.5 14.8 8.3 2.8 4.1 2.2 1.3 
^he value for each A. sativa entry is the mean of all" 
plots. 
Table 40. Frequency distributions of reactions for A. sterilis collections from several countries 
to races of crown rust 
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presence of a source of resistance to each one of the six 
races in this country. 
Cluster and Canonical Variate Analyses 
After showing that differences among means for countries 
were statistically significant for most traits, I used a clus­
tering technique known as the "unpaired group method" (UPGM) 
to group the A. sterilis collections. Because the number of 
entries in this study was more than could be handled by UPGM, 
I first clustered entries within eight groups, i.e., those from 
(a) Iran, (b) Turkey, (c) Israel, (d) Ethiopia, (e) Italy, 
Sardinia, Sicily, and Greece, (e) Lebanon, Syria, and Iraq, 
(f) Tunisia and Morocco, and (g) Libya and Algeria. Next, the 
clustering analysis v/as applied to means of the 15 traits for 
the clusters from the first analysis within the eight groups. 
Means and dendographs representative of the clusters from the 
preliminary analyses are shown in Appendices C and D, 
respectively. 
As shown in the table in Appendix G, clusters within 
countries had different means for many traits. However, be­
cause clusters were formed on the basis of all 15 traits, 
similarity of means for some traits between clusters was ex­
pected. On the other hand, clusters within some countries that 
had a small number of entries (e.g., Sardinia, Greece, and 
Italy) are not meaningful because the clusters were described 
on the basis of data from only two to four entries. Clusters 
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within some countries that had large numbers of entries, e.g., 
Turkey, Morocco, Iran, Israel, and Tunisia, are meaningful with 
respect to specificity of traits in particular regions. 
The operational taxonomic units (OTU's) obtained from the 
preliminary clustering were subjected to the same analysis and 
the final grouping of the A. sterilis collections based on all 
15 traits were obtained. Means and the dendograph from this 
final cluster analysis are shown in Table 4l and Figure 1. 
According to the dendograph representation,.three large 
clusters of A. sterilis entries (i.e., CI, C2, C3) were formed. 
Cluster CI was composed mainly of entries that originated from 
countries bordering on the Mediterranean Sea (i.e., Italy, 
Sicily, Morocco, Algeria, Tunisia, and Lebanon). Components 
of variance within CI, G2, and C3 were statistically signifi­
cant for 14 traits (disease resistance evaluation was performed 
only in one replicate) which indicates that entry means for 
traits were variable in all three clusters (Table 42). 
Two subclusters (i.e., Cll and C12) were formed within CI 
primarily due to differences in response to vernalization((16.6 
days for Cll vs 37»3 days for C12), and resistance to races of 
crown rust (21.7^ for Cll vs 3.3# for C12). C12, which was 
composed of collections from Algeria, Morocco, and Tunisia, 
showed the greatest vernalization response (VR = 37.3 days). 
Cluster Cll was divided into Clll and C112 due to a difference 
in resistance to races of crown rust (25.6^2 for Clll vs 12.75$ 
for C112), responses to photoperiod (-1.0 for Clll vs -3.2 
Table 41. Means of clusters formed among A. sterilis collec­
tions and three A. sativa strains using 15 traits 
Cluster FL FV/ NS SWg swt SL HD 
CI 18.3 1.2 21.8 173.1 2.1 9.2 18.8 
Cll 17.5 1.1 21.3 175.0 2. 0 9.2 18.6 
cm 17-3 1.1 20. 7 181. 3 2.1 9.3 16.3 
ClllA 16.9 1.1 19.4 199.3 2.1 9.5 16.8 
ClllB 17.8 1.1 22.4 157.3 2.0 9.0 15.7 
0112 18.0 1.1 22.9 160.3 2.0 9.2 24.0 
C12 19.4 1.2 22.5 170.3 2.1 9.2 21.6 
C2 19.5 1.2 34.7 153.7 2.0 8.2 15.0 
C21 17.9 1.0 26.9 134.7 1.9 8.3 13.0 
C22 20.4 1.3 39.4 165.1 2.1 8.2 15.5 
C221 19.9 1.4 39.7 194.0 2.3 8.0 9.5 
C222 20.7 1.4 39.2 145.8 1.9 8.3 19.5 
C3 15.7 1.0 30.9 129.4 1.9 8.3 30.4 
C31 15.6 0.9 23.2 134.4 1.9 8.5 26.1 
C311 16.3 0.9 23.0 128.7 1.8 8.5 19.9 
C312 14.9 0.9 23.5 141.0 1.9 8.6 33.3 
C32 15.8 1.1 38.1 124.8 1.8 8.0 34.4 
C321 15.7 1.0 33.3 131.0 1.8 8.2 27.8 
C322 15.8 1.1 40.8 121.3 1.9 7.9 38.0 
FL = flag-leaf length, PW = flag-leaf width, NS = number 
of spikelets per panicle, SV/g = 10-caryopses weight, SV/t = 
width of caryopses, SL = length of caryopses, HD = date of 
heading, GP = groat-protein percentage, SP = straw-protein 
percentage, VR = response to vernalization, PH = plant height, 
= growth habit, GO = groat-oil percentagePhR = response to 
photoperiod, PR = percentage of resistance to races of crown 
rust. 
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GP SP VR PH GH GO PhR PR 
2 1 . 7  6.7 2 5 . 1  92.7 5 . 2  8 . 0  - 1 . 7  1 4 . 1  
2 1 . 7  6.7 16. 6  94.9 5 . 3  8 . 0  - 1 . 7  21.7 
2 1 . 9  6 . 4  1 5 . 1  95.6 4 . 6  8 . 1  - 1 . 0  25.6 





22.6 5 . 7  1 2 . 7  98.7 5.0 8.4 - 1 . 0  2 8 . 3  
21.4 7 . 4  2 0 . 0  93.3 7.0 7.3 -3.2 12.7 
2 1 . 6  6.7 37.3 89.6  5.2 8.0 -1.7 3 . 3  
2 1 . 6  6.2 1 8 . 6  98.5 3 . 1  7 . 8  - 1 . 4  1 7 . 5  
2 3 . 1  6.4 25.5 95.8 3.2 8 . 1  1 . 2  1 0 . 0  
2 0 . 8  6.1 1 4 . 4  1 0 0 . 1  3.0 7.6 — 2 . 8  2 2 . 0  
2 0 . 7  5.9 7 . 8  94.3 1 . 5  6.8 -3.8 4 6 . 0  
2 0 . 8  6.2 18.8 1 0 4 . 0  4 . 0  8.2 — 2 . 4  6 . 0  
23.6 7 . 4  26.5 86.9 6.5 7 . 4  - 0 . 8  8.3 
23.9 7 . 2  24.7 8 0 . 4  7 . 2  7.6 0 . 0  4 . 2  
23.3 7 . 0  24.9 82.6 7 . 1  8 . 1  0 . 5  5 . 3  
2 4 . 7  7 . 4  2 4 . 5  77.8 7.2 7 . 0  - 0 . 8  2.0 
23.4 7 . 6  28.2 93.0 5 . 9  7 . 1  -1.5 1 2 . 1  
22.5 6.5 23.8 99.8 5.8 7 . 3  0 . 6  11.8 
23.8 8 . 2  30.7 89.2 5 . 9  7.0 - 2 . 6  1 2 . 3  
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Figure 1. Dendograph showing clusters of A. sterilis collections from several 
countries and three A. sativa check strains using 15 agronomic traits. 
The vertical lines indicate the coefficient levels at which the entries 
are linked; the horizontal lines represent entries showing the closest 
coefficient of associations; abbreviations - the first two digits of a 
number indicates the country: 01 = Tunisia, 02 = Algeria, 03 = Ethiopia, 
04 = Sardinia, 05 = Syria, 07 = Italy, 08 = Sicily, 09 = Libya, 10 = 
Morocco, 11 = Greece, 12 = Israel, 13 = Turkey, l4 = Iran, 15 = Lebanon, 
16 = Iraq, 1?, 18, 19 = check lines; the third digit of the number 
corresponds to the clusters within each country obtained in the pre­
liminary analyses (Appendix C) 
Table 42. Within-cluster components of variance for 14 traits 
measured in A. sterilis collections and A. sativa 
strains' 
Cluster FL FW NS SWg SWt SL 
CI 2. 0.04** 15.1** 582.3** 0.06** 0.1** 
Gil 0 0 15.0** 365.0** 0.01** 0.1** 
cm 0.6 0 12.4** 444.7** 0.01* 0.1** 
ClllA 0.06 0 22.8** 0 0.03 0.2* 
ClllB 0.9 0 3.9 66.1 0 0.2 
C112 0 0.2 26.1 0 0.01 0 
C12 2.8* 0.01** 15.6** 790.6** 0.02** 0.1** 
02 5.9** 0.04** 107.6** 449.6** 0.05** 0.2** 
C21 1.5 0.01 13.2 98.7 0.02 0.1** 
022 5.5* 0.03** 124.4** 471.8** 0.1** 0.3** 
0221 4.7* 0.05** 35.6 402.4* 0.08** 0.5** 
0222 5.6** 0.01** 198.0** 200.5** 0.01** 0.1 
C3 2.0** 0.01** 128.8** 517.9** 0.02** 0.4** 
031 1.9* 0.01** 17.1** 446.5** 0.02** 0.2** 
0311 1.4 0 21.3** 630.4** 0.02** 0.3** 
0312 3.0* 0.02** 18. 4* 160.1 0.01* 0.1 
032 2.5** 0.01 124.7** 536.7** 0.02** 0.3** 
0321 0 0 11.3 28 0-. 4* 0.03** 0.3** 
0322 4.0** 0.02 157.0** 571.9** 0.01* 0.3* 
^FL = flag-leaf length, BV = flag-leaf width, NS = number 
of spikelets per panicle, SV/g = 10-caryopses weight, SWt = 
width of caryopses, SL = length of caryopses, HD = date of 
heading, GP = groat-protein percentage, SP = straw-protein 
percentage, VR = response to vernalization, PH = plant hei^t, 
GH = growth habit, GO = groat-oil percentage, PhR = response 
to photoperiod, PR = percentage of resistance to races of crown 
rust. 
^Significant at 5^ level. 
^^ Significant at 1% level. 
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HD GP SP VR PH GH GO PhR 
35.6** 0.9** 0. 6** 165.0** 42.2** 3. ]_** 0.3** 4. 2** 
41.3** 1.0** 0. 7** 33.9** 33.6** 2. 6** 0.4** 4. 8** 
14.1* 1.2** 0.7** 39.3** 36.1** 2. 1** 0.4** 4. 
0 0.8* 0.6 71.3 20.0 2. 0* 0.4 8. y** 
21.0** 0.8 0 20.5** 35.9** 2. 2** 0.3 2. 
99.1* 0.1 0.2 0 23.0 0. 9* 0.1 0. 5 
32.9** 0.9* 0.5** 65.6** 42.5** 3. 7** 0.3** 3. y** 
36;<** 2.9** 0.2** 86.4** 79.6** 2. 9** 0.8** 6. 0** 
9.4 2.4** 0.02 70.5* 88.0** 2. 3** 0.2 4. 1«* 
54.1** 1.1** 0.1 55.5** 61.2** 3. 3** 1.1** 3. 0** 
49.5** 2.1* 0 35.0** 43.2* 1. 2** 1.4** 0. 2* 
33.1** 0.8* 0.1 32.2** 51.9** 2. 6** 0.4** 3. Zf,-»* 
65.8** 1.9** 0.2 94.9** 120.5** 1. 4** 0.5** 6. 2** 
72.4** 1.8* 0 35.0** 70.6** 1. 0** 0.5** 4. 
22.3 1.8* 0 33.2* 35.1** 1. 2** 0.2** 3. 2** 
79.1* 1.3 0 56.8* 122.2** 0. 9* 0.1 6. 
24.4 2.1* 0.5 145.6** 113.6** 1. 0.4** 6. 0** 
17.3 0.5 0 88.3** 81.2** 0. 5* 0.8* 3. 3** 
27.5 2.6* 0.1 148.7** 82.9** 1. 5 0.2 3. 
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for C112), growth habits (4.6 for Gill vs 7.0 for G112), 
responses to vernalization (15«1 days for Gill vs 20.0 for 
0112), dates of heading (I6.3 days for Gill vs 24.0 days for 
C112), 10-caryopses weights (181.3 mg for Gill vs I6O.3 mg for 
C112), straw-protein percentages (6.4^ for Gill vs 7*4^ for 
C112), and groat-oil percentages (8.1 for Gill vs 1 .Jfo for 
C112). 
V/ithin-cluster components of variance for cluster Gill 
were statistically significant for all traits except length and 
width of flag-leaf, whereas in cluster C112 components of vari­
ance for date of heading and growth habit were the only ones 
that were significant. Entries in cluster G112 were sur­
prisingly homogeneous for most traits. 
Clusters GlllA and GlllB were distinct groups within 
cluster Gill mainly due to differences in 10-caryopses weights 
(199*3 mg for GlllA vs 157'3 mg for GlllB), and straw-protein 
percentages (7.0^ for GlllA vs 5*7/^ for GlllB). Entries in 
cluster GlllB, which originated from Israel, had the highest 
cluster mean for percentage of resistance to races of crown 
rust. Entries in cluster GlllA and C112 originated from the 
same general area in southwest Europe, but C112 was different 
from GlllA in having lower caryopsis weight, greater resistance 
to races of crown rust, and more erect growth habit. Variance 
components within GlllA, GlllB and G112 generally were not 
significant (Table 42). Significant variance components 
occurred for spikelets per panicle and response to photo-
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period in ClllA, and for growth habit, heading date, plant 
hei^t, and responses to photoperiod and vernalization in 
ClllB. 
Entries in C2 generally performed similarly to those in CI 
except that they were earlier and heavier in caryopsis weight 
and they responded to vernalization, Earliness in this cluster 
was contributed by the A. sativa checks and collections from 
Ethiopia (cluster G211). Components of variance for all traits 
within C2 were significant. Entry means within C21 were 
homogeneous for eight traits (i.e., length and width of flag-
leaf, number of spikelets per panicle, caryopsis weight, width 
of caryopses, date of heading, straw-protein percentage, and 
groat-oil percentage), whereas those within C22 were hetero­
geneous for 13 of 14 traits. C21 was composed of C211A and 
C211B and a single OTU from Iraq. C211A had only Ethiopian 
entries, that were the earliest collections in my study, and 
C211B had only entries from Morocco. Entries in cluster C21 
were primarily short-day types in response to photoperiodism 
(PhR =1.2 which means that they headed 3 to 6 days sooner in 
Colombia than in Iowa). 
C22 was composed of two subclusters, C221 which included 
the three A. sativa checks and a single OTU from Israel 
(cluster 6, Appendix C), and C222, which was composed of 
entries from Israel, Syria, and Turkey. Entries in C222 had 
high values for length and width of flag-leaf, plant height, 
caryopsis weight, width and length, and groat-oil percentage. 
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Most variance components remained significant in 0221 and G222, 
which indicated the presence of variability among entries for 
most traits. Most entries in cluster C222 originated in 
Israel and Turkey. 
C3 was composed of entries from nearly all countries, but 
by dividing these entries into two smaller groups, C3I and 
C32, the clusters took on geographical meaning. C3I was com­
posed primarily of entries from the Mediterranean countries 
of Morocco, Libya, Italy, Tunisia, Algeria, Lebanon, and 
Israel, whereas entries in C32, except for a few from 
Morocco, Sardinia, and Sicily, originated from Iran, Turkey, 
Greece, and Syria. C32 differed from C3I in having a higjier 
number of spikelets per panicle and greater percentage of re­
sistance to crown rust, and in being taller and responsive to 
long days (PhR = -1.5). Entries in C3I were photoperiod insen­
sitive (PhR = 0) and had greater caryopsis weight (Table 41). 
When C3I was subdivided, entries in C3II originated 
mainly from Israel and Morocco. They had relatively high 
percentage of groat-oil and were early. The A. sterilis 
collections in C312 had the highest percentage of groat-
protein, which v/as due in part to the high-protein content of 
entries from Libya and Iraq (Appendix C) in this cluster. 
Clusters ClllB and G3II were composed of entries mainly from 
Israel, but differences between them were distinct. Entries 
in ClllB were more resistant to races of crown rust (28.3?^ 
vs 5'3/«)» had higher caryopsis v/eight (157.3 mg vs 128.7 mg), 
and were long-day responsive, whereas entries in C3II were 
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photoperiod insensitive and had greater percentage of straw-
protein (7.0^ vs 5»7/^)' 
C32I and G322 differed in number of spikelets per panicle, 
date of heading, protein percentage of straw, and response 
to photoperiod. C322 had the highest means for percentage of 
straw-protein {8.2fo) and number of spikelets per panicle (41). 
To study the multivariate distribution of characters, 
a canonical variate analysis was performed on the observed 
values, and the results of this analysis are presented in 
Table 43. The first characteristic root accounted for 41.0^ 
of the total variation and the second characteristic root 
accounted for 19.5/fa. And, 95f° of the total variability was 
accounted for by the first seven characteristic roots. Seem­
ingly, canonical variable number 1 is related (Table 44) to 
number of spikelets per panicle and heading date, and number 
2 is related to length, width and weight of caryopses and 
response to vernalization. 
Plotting values of the first against the second canonical 
variable (Figure 2) gave an interesting picture. Countries 
from the same geographical regions tend to cluster together. 
Morocco, Tunisia, and Algeria were clustered in the upper 
left-hand quadrant, and immediately under this group was 
another group which included material from Libya, Italy, 
Sicily, and Sardinia. Interestingly, entries from these groups 
of countries also tended to group together with the clustering 
analysis. Lebanon, Israel, and Ethiopia did not group with any 
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Table ^3. Characteristic roots and percentages of variability 
justified by each of them, in a world collection of 








1 1.61 40.88 40.88 
2 0.77 19.53 60.41 
3 0.48 12.11 72.52 
4 0.33 8.29 80.81 
5 0.23 5.95 86. 76 
6 0.20 4.96 91.72 
7 0.12 3.17 94.89 
8 0.06 1.54 96.43 
9 0.05 1.32 97.75 
10 0.04 1.21 98.96 
11 0.02 0.59 99.55 
12 0.01 0.31 99.86 
13 0.003 0.08 99.94 
14 0.002 0.06 100.00 
other countries and were treated as separate groupings. Iran 
may form a distinct group of one, but I have grouped it with 
Turkey, Greece, Syria, and Iraq. These countries also were 
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Figure 2, Canonical analysis of A, sterilis collections from different countries; 
spots represent coordinates of first two canonical variables 
Table 44. Correlation coefficients between each canonical variable and the 
dependent variables , each canonical variable = y (characteris­
tic vector of E~%), where H = partial SS and CP matrix due to 
country 
Canonical 
variable FL FW NS SWg SWt SL HD 
1 -0.02 0.14 0.79 -0.20 -0.17 -0.27 0.40 
2 0.07 0.15 -0.18 0.41 0.35 0.47 0.22 
3 -0.21 -0.22 -0.04 -0.22 -0.24 0.02 0.61 
4 0.16 0.31 0.05 0.49 0.45 0.11 -0.03 
5 0.43 0.31 0.32 0.22 0,48 -0.06 0.08 
6 0.42 0.09 0.11 -0.17 -0.07 0.00 -0.26 
7 0.16 0.22 0.05 0.12 0.10 0.48 -0.09 
8 0.08 0.56 0.23 -0.11 -0.08 0.08 -0.06 
9 -0.54 -0.36 -0.24 -0.22 0.19 -0.24 -0.04 
10 -0.18 -0.01 0.16 -0.14 0.14 -0.23 0.19 
11 -0.10 -0.01 -0.13 -0.35 0.17 0.13 0.18 
12 -0.17 0.14 -0.08 -0.16 -0.17 -0.40 0.38 
13 0.33 0.04 -0.04 -0.41 -0.30 -0.40 0.12 
14 -0.22 -0.44 0.23 -0.07 -0.13 0.05 0.29 
15 -0.11 0.04 -0.10 0.15 -0.04 0.00 0.16 
F^L = flag-leaf length, FW = flag-leaf width, NS = number of spikelets 
per panicle, SWg = 10-caryopses weight, SWt = width of caryopses, SL = 
length of caryopses, HD = date of heading, GP = groat-protein percentage, 
SP = straw-protein percentage, VR = response to vernalization, PH = plant 
height, GH == growth habit, GO = groat-oil percentage, PhR = response to 
pliotoperiod, PR = percentage of resistance to races of crown rust. 
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Frey (1976)» in his review of the use of genes from wild 
species, reported that the classical species A. sterilis, a 
weedy and (or) wild form of hexaploid oat that grows in arid 
areas that bound the Mediterranean Sea, can be used to improve 
cultivated oats. This species is completely interfertile with 
the cultivated forms of hexaploid oats (Rajhathy and Thomas, 
1974). 
Resistance genes from A. sterilis sources are being 
used in the Multiline E and Multiline M oat cultivars 
(Frey and Browning, 1973a, b), and A. sterilis collections 
also have provided tolerance to crown rust of oats (Simons, 
1972). Frey (1976) stated that "even more exciting than 
the disease resistance genes known in A, sterilis, are the 
potentialities that this species holds for improving quanti­
tatively inherited traits in cultivated oats." Lawrence and 
Frey (1975) found that transgressive segregates for yield 
occurred for crosses involving A. sativa x A. sterilis, so 
they concluded that the latter species contributed plus 
factors for yield. According to Takeda and Frey (1976), for 
crops with short growth duration such as oats in Iowa, bio­
logical yield (i.e., total dry weight produced during a growing 
season) plays an important role in economic yield (i.e., grain 
yield). Rosielle and Frey (1975) found the genotypic correla­
tion between grain yield and plant weight (biological yield) 
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was 0.88, which suggested that biological yield can be a 
limiting factor for grain yield. 
Prey (1976) reported grain yield improvement of up to 30^ 
in lines from A. sativa x A. sterilis crosses. These lines 
had harvest indexes (i.e., the ratio of grain and biological 
yield) and maturity dates identical to the A. sativa parents 
so their yield improvement had to be due to increased growth 
rate. Takeda and Prey (1976) believed that "transgressive 
segregation for growth rate of oats seems to be unique to 
interspecific crosses involving A. sativa x A. sterilis," and 
they reported that A. sterilis is probably an important source 
for genes to improve growth rate (a factor of "biological yield) 
in cultivated oats. 
Interestingly, the four vegetative traits that I studied 
(i.e., length and width of flag leaf, plant height, and growth 
habit) should be related to biological yield of crops. A. 
sterilis lines had ranges for flag-leaf length and width and 
plant height equal to or greater than those of the A. sativa 
check lines. Use of leaf area and especially flag-leaf area 
have been suggested as photosynthetic indexes for crop canopies 
(Watson, 1947). Obviously, entries such as P.I.411512 from 
Algeria and P.I.411883 from Iran should have value for im­
proving flag-leaf length and width, respectively, of cultivated 
oats. Cluster C222 (Figure 1 and Table 41), which is composed 
of the entries from Turkey, Syria, and Israel, had the highest 
mean values for flag-leaf measurements and plant height, so 
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this geographical region would be a good source in which 
to collect A. sterilis lines with genes for improving these 
vegetative traits. 
Positive correlations between flag-leaf length and width 
and seed traits confirmed that using A. sterilis lines to in­
crease flag-leaf length and width could be a way to improve 
the seed traits and probably productivity of cultivated oats; 
however, negative correlations for vegetative with composi­
tional traits would be a matter for concern. 
The four seed traits that I studied (i.e., length and 
width of caryopses, number of spikelets per panicle, and 10-
caryopses weight) are related directly to grain yield of oats. 
In a case where grain yields of two oat isolines were in­
creased by introgression of genes from the A. sterilis strain 
C.I.8079 (Prey, 1972; Prey and Browning, 1971), Brinkman and 
Prey (1977) found that increases were due to greater tiller 
production, Jfo more spikelets per panicle, and higher seed 
weight. 
Most caryopsis weights for A. sterilis collections were 
lower than those of the check lines. There were collections, 
however, such as P.I.411742 from Iran and P.I.411537 from 
Algeria, that had caryopsis wei#it8 of 273 and 262 mg, respec­
tively, and that A. sterilis genes might be available for in­
creasing caryopsis weight of cultivated oats. And, cluster 1 
which had lines from Italy (Appendix C) and cluster ClllA 
(Figure 1 and Table 41) which v/as composed mostly of entries 
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from Italy, Sardinia, and Sicily denoted regions and countries 
where A. sterilis lines had large caryopsis dimensions and 
weight. So probably collections from southwest Europe gen­
erally would be good sources of genes for increasing both oat 
caryopsis dimensions and weight. 
Two entries, one from Turkey (P.I.412441) and one from 
Iran (P.I.411852) had means of over 90 and 70, respectively, 
spikelets per panicle. Corresponding numbers for the A. sativa 
check lines ranged from 36.9 to 0^,6 for C.I.9170 and C.I.9I86, 
respectively. This trait was negatively correlated with seed 
length, width, and weight, but these correlations only ranged 
from -0.I7 to -0.41, and thus, were not large enough to cause 
any restriction on using genes for high number of seeds per 
panicle from A. sterilis for improving grain yield of culti­
vated oats. 
Clustering analysis showed that A. sterilis lines from 
certain regions and countries had high number of spikelets per 
panicle. For example, entries in clusters C321, C322, and C222 
(Figure 1 and Table 41) which mostly originated from Turkey, 
Iran, Greece, and Syria had very high numbers of spikelets per 
panicle. Therefore, I concluded entries from these four 
countries should be useful sources of genes for high number of 
spikelets per panicle. Interestingly, this geographical area 
seemed to be a center of diversity for vegetative traits. 
A. sterilis collections have been studied quite exten­
sively for their potential for improving protein and oil per­
centages of cultivated oats. Groat-protein contents have been 
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reported up to 27-3^ by Ohm and Patterson (1973)» to 28.0^ by 
Campbell and Prey (1972a), and to 35»0?? by Frey et al. (1975). 
And, Frey (1976) reported straw protein for some lines as 
high as and groat oil as high as 12%. Libyan and Iraqi 
collections were high in groat protein in my study. One col­
lection from Libya (P.1.324-780) had 31.1^ groat protein which 
was nearly 10^ greater than the best A. sativa check. Frey 
et al. (1975) also found Libyan collections to be superior 
for groat-protein percentage. Many A. sterilis lines in 
niches in Italy (cluster 3)« Syria (cluster 4), Iraq (cluster 
3), and Iran (clusters 1 and 3) had more than 25^ groat protein 
Clusters C3I and C32 (Figure 1 and Table 41), which consisted 
primarily of collections from these countries, had high per­
centages of groat protein. 
Frey et al. (1975) observed that Libyan collections 
tended to have high straw-protein percentages. I could not 
confirm this observation, but collections from Sardinia and 
Italy generally had the highest percentage of straw protein and 
some collections from Syria, Turkey, and Iraq had over 10^ 
straw protein. Also, some niches (Appendix C) within Italy 
(cluster 1), Iran (cluster 4), and Sicily had high percentage 
of straw protein. 
High percentage of groat-oil (over 8^) was characteristic 
of entries in clusters ClllB, C21, C222, and C3II (Figure 1 
and Table 41), which were composed mostly of entries from 
Israel, Turkey, Ethiopia, and Iraq. Some niches (Appendix G) 
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within Israel (clusters 5. 7, and 9), Turkey (cluster 2), 
Iraq (cluster 3)» and Ethiopia (cluster 2) had lines with 8.5^ 
or more groat oil. 
A. sterilis lines that had the highest values of the three 
compositional traits (percentages of groat and straw protein 
and groat oil) were well above those recorded for the A. 
sativa checks, which suggests that A. sterilis holds promise 
for improving the cultivated oats for these traits. 
In the Com Belt, oat cultivars with long growth duration 
are undesirable because of high temperature stress and high 
rust disease prevalence that occur in mid to late summer. 
Rajhathy and Thomas (1974) reported that several samples of 
A. sterilis, collected by Dr. J. W. Martens in Ethiopia, needed 
only 60-70 days to head under a 12-hr photoperiod. My results 
confirmed that A. sterilis entries from Ethiopia were very 
early. Several collections from Ethiopia (clusters 1 and 2), 
Sicily (cluster 1), Israel (cluster 7). and Iraq (cluster 1) 
had heading dates 12 days or less after May 3I, which is in the 
acceptable range for Iowa. Negative and (or) low correlations 
between heading date and most traits showed that there would 
be little or no restriction on using A. sterilis genes for 
maturity in cultivated oats. Two positive correlations of 
concern were those of heading date with straw-protein percent­
age (r = 0.48) and with growth habit (r = 0.53)» Generally 
though, collections with erect growth habit (GH = 1) headed 
as early as G.I.9186. Two exceptional entries, one from 
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Algeria (P.I.411516) and one from Morocco (P.I.412298), had 
9.1^ straw protein and headed as early as the midseason A. 
sativa line, C.I.9186. These examples show that high straw-
protein percentage is not necessarily associated with late 
maturity. Campbell and Frey (1972b) and Frey et al. (1975) 
also reported significant positive correlations between 
straw-protein percentage and maturity, but as in my study, the 
latter researchers found one A. sterilis line with desirable 
heading date that had high straw protein. 
Insensitivity to photoperiod is an important factor in 
the wide adaptation of cereals. According to Rajhathy and 
Thomas (1974) the first photoperiod insensitive genotype of 
oats was discovered in a landrace of A. byzantina collected 
in the southwestern tip of Turkey. I found that many entries 
of A, sterilis from many countries showed no response to photo-
periodism so they should be good sources for developing oat 
cultivars insensitive to photoperiodism. 
Most A, sterilis collections in my study needed a cold 
treatment to break seed dormancy. 
Interestingly, the three physiological traits (heading 
date, photoperiod reaction and dormancy) were sources of 
variation that divided my A. sterilis entries into subclusters 
(Table 42). For example, Ethiopian entries were the earliest 
maturing collections and they responded positively to photo­
period. (Appendix C) and these two traits were the primary 
cause for separation of the Ethiopian collections from those 
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from other countries (Figure 2). 
Resistance to crown rust is an important aspect of oat 
improvement in many countries. Genes for resistance to crown 
rust from 12 A. sterilis collections have been transferred 
to oat varieties used for resistance to crown rust in the Com 
Belt. Among 63O lines of A. sterilis introduced into the U.S. 
from Israel, Creech (I970) observed some that were resistant 
to each of the diseases crown and stem rust, mosaic, and 
barley yellow dwarf virus. Simons (1972) found that three A. 
sterilis strains contributed tolerance to crown rust in accept­
able lines derived from A. sativa x A. sterilis crosses. He 
stated that "a better sampling of the wild population of A. 
sterilis would almost certainly reveal strains that carried 
and could transmit a higher degree of tolerance," 
Collections of A. sterilis from Sardinia, Italy, Sicily, 
and Israel had the highest percentages of resistance to races 
of crown rust. Cluster Clll, consisting of strains from 
countries in southwestern Europe (Sardinia, Sicily, and Italy) 
and Israel showed a high percentage of resistance. However, 
some niches in Algeria (cluster 4), Morocco (cluster 2), 
Israel (clusters 6 and 7) 1  Turkey (cluster 5 ) i  and Lebanon 
(cluster 1) had resistance to a high percentage of races. 
Generally, Israel was a center of diversity for this trait. 
Zillinsky and Murphy (I967) reported that the frequency of 
resistant genotypes to crown and stem rust in populations of 
A. sterilis from Sicily and Italy was higher than those in 
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populations from Sardinia and Libya, and they suggested that 
this may have resulted from a greater likelihood for rust 
spiphytotics to occur in Sicily and Italy. 
Prey (1976) concluded; 
We have just begun to expose the potential that A. 
sterilis holds for improving cultivated oats. A. 
sterilis has contributed genes that increase yield in 
cultivated oats by 25 to 30^» an increase twice as large 
as the 14^ accomplished with all oat breeding resources 
in midwestem U.S. between 1905 and I960. 
The variation present in wild species of Avena includes 
many features that would be desirable to introduce into the 
gene pool of cultivated oats. As Jain et al. (1975) reported, 
the ultimate success of any large-scale program for the con­
servation of genes depends on survey and proper documentation 
of variation within and among populations (landraces, wild 
and (or) weed relatives of cultivated crops, national and 
world seed collections, or breeding stocks). There is wide 
recognition of the need for extensive surveys of geographical 
areas, studies of population variation, and computerized 
documentation. 
Sampling techniques are an important aspect of the work 
on genetic resource conservation. Marshall and Brown (1975) 
using "optimum sampling strategies" proposed that definite 
limits exist on the. number of samples that can be handled 
effectively in programs for the conservation and utilization 
of crop genetic resources. They stated that: 
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These limits are imposed by the financial and personnel 





In most species there is one major limiting factor in 
the above process which determines what the upper limit 
will be. 
For primitive landraces of the temperate cereals that are 
rapidly approaching extinction in the Mediterranean basin, the 
limiting factor is the capacity to collect the material before 
it is lost forever according to these researchers. However, 
in the case of the hexaploid weed relatives of cultivated oats 
(e.g., A. fatua and A. sterilis). they believe that "ample 
material still exists in the field and there are no particular 
conservation problems, the major limiting factor is the 
breeder's capacity to evaluate and utilize the collected 
materials." 
As emphasized by Bennett (1970), the pattern of genetic 
differentiation within species is strongly correlated with 
environmental heterogeneity. Marshall and Brown (1975) be­
lieved that the development of efficient exploration programs 
requires information at two levels. At the first level, 
decisions need to be made concerning the regions or areas of 
the world to be explored, and at the second, they need to be 
made concerning sampling procedures within the selected areas. 
Still later decisions are: 
a. The number of plants to sample per site. 
b. The total number of sites to sample. 
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c. The distribution of sampling sites within an area. 
Since Vavilov (1951) proposed the scheme of major centers 
of origin for crop plants, scientists have recognized that 
for any crop species, the diversity that it and its relatives 
possess may vary from region to region. Both regional and 
local patterns of genetic variation are of interest to germ-
plasm conservationists and plant breeders. 
My results agree with these general statements about 
samplings and patterns of genetic variation. Local niches 
that I referred to with respect to different traits (Appendix 
C) should be considered in any exploration and conservation 
program, but of even more importance are regional patterns of 
genetic variation, i.e., southwest Europe and Israel for rust-
resistance genes. 
The Ethiopian region is the place to search for sources 
of early maturing material. Countries in central Asia and the 
Middle East (Iran, Turkey, Iraq, Syria) provide A. sterilis 
lines with great diversity and desirable genes for vegetative 
traits and number of spikelets per panicle. Collections from 
southwestern Europe are good sources of genes for caryopsis 
traits. Probably, it is this patterning of genetic variation 
that caused Marshall and Brown (1975) to refer to a need for 
regional exploration. Unfortunately not all samples in my 
study were assembled in such a way that they could bear on 
having to do with sampling procedures in selected regions. 
My collections from Israel, Turkey, Morocco, and Iran were 
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chosen, however, to provide data that could be applied to 
sampling problems within countries. I am familiar with the 
environmental conditions in Iran, and I can say that the four 
clusters into which Iranian lines were placed by analytical 
procedures more-or-less corresponded to ecological regions 
within Iran. This demonstration of the presence of geographi­
cal niches within countries with respect to the characteristics 
of A. sterilis collections (Appendix C) supports the intra-
regional sampling procedures proposed by Marshall and Brown 
(1975). 
A. sterilis collections from Israel were present in all 
three primary clusters, i.e., CI, C2, and 03. Obviously this 
was not due to the fact that there was a large number of 
entries from Israel, because all collections from Iran, another 
country with many samples, were in one cluster, 0222. Further­
more, within-country components of variance for Israel were 
statistically significant for all traits except straw-protein 
percentage. Therefore, Israel certainly seems to be a center 
of diversity for A. sterilis. 
Dinoor (1975) proposed that a carefully organized plan 
for random sampling of A. sterilis would provide a foundation 
for systematically making a thorough sampling for disease re­
sistance. When a resistant line was found, its collecting 
point could be traced and more intensive collection would be 
undertaken in that area. He used resistance of A. sterilis 
and A. barbata to crown rust in Israel as a model to illustrate 
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this sampling approach. Israel was laid out in grids each 
5 X 5 km square, and A. sterilis and A. bartata were sampled 
from each grid. Representative samples were than screened 
for resistance to races 264 and 276 of crown rust, and the 
results were displayed in the form of distribution maps and 
verified by further sampling. Distribution maps of resistance 
patterns served two purposes; (1) they provided accurate de­
scriptions and locations of centers of disease resistance and 
(2) they pinpointed the most appropriate locations for the 
establishment of genetic preserves that could be dynamic con­
servation centers for coevolution of wild host species and 
pathotypes of the fungus. 
It is important that the diversity of A. sterilis be char­
acterized in other countries where it occurs naturally, even 
if necessary by establishing germplasm research stations. 
Work like that of Dinoor (1975) represents an extensive search 
for very rare and useful genes which can be done most readily 
by local scientists who are familiar with environmental con­
ditions of the region or country. This type of collection and 
analysis should be done for A. sterilis lines in Ethiopia to 
locate genes for earliness and high groat-oil percentage ; in 
southwestern Europe to locate genes for disease resistance, 
high straw-protein percentage, and large seed dimensions and 
weight; in Iran and Turkey to locate genes for high number of 
spikelets per panicle ; in Israel to locate genes for additional 
disease resistance and high grain oil; and in Libya and Iraq 
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to find genes for high groat-protein percentage. 
A tendency to geographic specificity for certain traits 
is evident in my study, e.g., Libyan strains with high protein 
percentage, Ethiopian lines with early maturity, etc. Associa­
tions between traits are important from the evolutionary point 
of view and for breeding purposes. Such relationships may in­
dicate a cause and effect relationship, pleiotropy, or linkage, 
and the same geographical specificity that exists for certain 
traits also exists for certain combinations of traits. 
As my data and results show very well, plant traits 
and trait associations do not occur at random in natural popu­
lations. Two possible explanations have been proposed by 
Jain et al. (1975) to explain the geographic specificity of 
trait associations. First, present associations may be residu­
al ones that were present in the prototype from which present 
plant species were derived, whereas secondly, they may repre­
sent new "adaptive associations" selectively favored by the 
environment or man's preference for certain plant types. My 
materials have not supplied data that will distinguish between 
the alternatives of residual or adaptive associations as being 
responsible for the present-day trait combinations. 
Natural plant populations and populations of primitive 
cultivars are genetically variable, often strikingly so. The 
greater part of this variability is polygenic in inheritance 
despite the presence of some genes with major effects. Poly­
genic variation, conferred by the combined action of many 
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genes each with small effect, permits sensitive responses to 
minor environmental fluctuations. This has permitted the 
evolution of numerous locally adapted races. Primitive culti-
vars also possess adaptive complexes associated with the 
special conditions of cultivation, pure-stand associations, 
harvesting and other factors of special interest to plant 
breeders. 
A. sterilis collections from some countries had very high 
intercollection variation for certain traits. For example, 
collections from Iraq, Sicily, Turkey, and Algeria showed the 
greatest intracountry variation for growth habit, Syrian col­
lections possessed the most variation for plant height and 
groat-oil percentage, collections from Sicily represented the 
most variation for seed length, collections from Iran, Turkey, 
and Syria showed the most variation for number of spikelets 
per panicle, collections from Turkey and Italy possessed the 
most variation for caryopsis weight.and heading date, collec­
tions from Syria, Italy, Iraq, and Turkey possessed the most 
variation for groat-protein percentage, collections from Syria 
and Iraq showed the most variation for straw-protein percentage, 
collections from Sardinia, Iran, Ethiopia, and Tunisia showed 
the most variation for response to vernalization, and collec­
tions from Turkey showed the most variation for response to 
photoperiod. 
Obviously, not all traits showed the same variation and 
not all countries had the same variation for any trait. Among 
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the traits measured, flag-leaf dimensions and compositional 
traits seemed to be of least importance in differentiating the 
entries at the lower levels of clusters. On the other hand, 
physiological traits, growth habit, plant height, number of 
spikelets per panicle, and caryopsis weight remained statis­
tically significant among entries even within the smallest 
clusters. Interestingly, the first two canonical variates, 
which grouped the countries in the same way as clustering 
analysis, were most closely related to number of spikelets per 
panicle, heading date, response to vernalization, and caryop­
sis dimensions and weight. 
As the final point, the numerical analyses used in this 
study were good aids in classification of the collections 
with respect to their geographical regions. Interestingly the 
results of the two analyses (clustering and canonical variate) 
agreed with each other. According to these analyses three 
distinct regions of diversity were evident; (a) countries 
bordering on the Mediterranean Sea, (b) countries in central 
Asia and Middle East, and (c) Israel. 
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CONCLUSION 
Germplasm from A. sterilis accessions has contributed 
significantly to the improvement of cultivated oats. To date, 
the most significant contributions have been in the area of 
disease resistance; however, the A. sterilis potential for 
improving other traits, including quantitatively inherited 
ones, has been reported in the literature. If introductions 
of A. sterilis could be classified systematically into rela­
tively homogenous groups on the basis of their geographical 
origin, morphological, compositional, and physiological char­
acteristics, it should be possible to study the variation 
between and within groups and determine more efficiently the 
best sources of material for use in breeding programs. The 
results would also be of use to plant explorers for further 
sampling and exploration for the world collection. 
Analysis of variance of ^57 lines from the world collec­
tion of A. sterilis indicated highly significant differences 
among entries from different countries for all traits except 
straw-protein percentage. Geographic specificity for certain 
trait(s) was very evident: e.g., Libyan and Iraqi collections 
had high groat-protein percentage; Ethiopian lines had early 
maturity; southwestern European collections had good disease 
resistance, high straw-protein percentage and large seed dimen­
sions and weight; Israeli strains had good disease resistance 
and high groat-oil percentage; and Middle East and Central 
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Asian lines had high number of spikelets per panicle and flag-
leaf dimensions. 
According to the results of multivariate analysis tech­
niques used in this study (unpaired group method of clustering 
and canonical variate analysis), three distinct geographical 
centers of diversity were found for A. sterilis; (1) Medi­
terranean area, (2) Central Asia and Middle East, and 
(3) Israel. However, some small niches within countries were 
the last representative of source genes for different traits. 
Cluster and canonical analyses seemed reliable methods to 
explain the phenetic relationships among A. sterilis collec­
tions. 
The main conclusion of interest here is that within the 
same species, estimates of the amount of variation may vary 
widely, depending upon the area sampled, geographical scale 
of sampling, etc., presumably due to the complex interrela­
tionship between the genetic and ecological factors. 
This study somewhat categorized the great diversity of 
457 A. sterilis collections into reasonably recognizable 
groups. The identification of these groups should be helpful 
to students of this species and to breeders interested in oat 
improvement. The importance of classification of the type 
attempted in this study lies in its usefulness to plant 
breeders for determining the best sources of valuable combina­
tions of genes. On the other hand, the attempted classifica­
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tion is of use to plant explorers for determining the pattern 
of collections that will provide the most useful and thorough 
sampling of the genetic variability which is distributed over 
the geographical habitats of the species and the extent of 
genetic variability within the local populations. 
12k 
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APPENDIX A 
Countries of origin, sites and locations within countries, 
plant introduction (P.I.) and identification (Id.) numbers 
of A. sterilis entries; 
Id. no. P.I. no. Site Location 
Origin; Tunisia 
340 412402 Tunis Inrat 
509 412347 Sou Arkoub 
328 412405 Tunis Inrat 
360 412349 G arthage Ruins 
466 412364 Grombalia -
491 412368 Kairovan 5 km S 
469 324793 Tunis 
120 324794 Zana 
366 324796 Menzel Borguiba 
134 412384 Medjez El-Bab 5 km E 
468 412385 Medjez-El-Bab 
52 8 412406 Tunis 25 km N 
529 412359 Purna 15 km NE 
475 412391 Si Athman 
262 412358 Fouchana 5 km NE 
488 412341 Sir M'Cherga 
94 412389 PontduFahs 2 km S 
300 412371 Kairouan 5 km K 
190 412355 Enfindauville 8 km S 
45 412367 Hammamet 5 km S 
302 412386 Nabeul 8 km M 
266 412365 Grombalia 10 km NW 
113 412393 St. Gyprien 
412 412377 Me djez-El-Bab 5 km S 
307 412401 Teboursouk 
5 412337 Be ja 1 km S 
407 412394 Tebourba 5 km SW 
462 412412 Tunis 15 km N 
124 412395 Tebourba 20 km SW 
351 412378 Mejez-El-Bab 10 km NE 
429 412414 Zovaovine 2 km NE 
544 412413 Zaghovan 8 km S 
431 412388 Nabeul 5 km SW 
525 412353 Diedeida 8 km V/ 
455 412352 Chouiqui 10 km W 
60 412376 Mateur 2 km S 
133 
Id. no. P.I. no. Site Location 
Origin; Algeria 
276 324806 Ain El Turk 
534 411501 Algiers 10 km SW 
196 324818 Arcole 
335 411502 Algiers 20 km W 
473 324817 Arcole 
75 324813 Bou-Ster 
148 411515 Bordjel Kiffan 
76 411516 BouDouAou 20 km E 
96 324811 Bou-Ster 




411521 Dirah 10 km W 
316 411524 El Asnam 4 km E 
256 324816 Kristel 
515 324815 Bou-Ster 4 km 
242 324814 Bîisserghin 
435 324800 Misserghin 
143 324803 Or an 10 km W 
251 324804 Oran 10 km V/ 
290 324819 Tabia 
156 411550 Thenia 10 km S 
185 411559 Zeimouri 10 km V7 
520 411509 Baraki -
446 411528 El Khemis 25 km W 
11 411530 El Khemis 15 km W 
373 411532 El Khemis 2 km W 
224 411522 El Affroun 10 km V/ 
516 411512 Blidia 10 km W 
441 411535 Medea 18 km W 
267 411537 Medea 20 km W 
543 411540 Medea 30 km W 
146 411551 Thenia 10 km W 
36 411505 Asmar 3 km N 
145 411517 Bouira 35 km E 
271 411514 Bogni 
325 411554 Tizi Ouzou 18 km W 
4o4 411507 Aomar 10 km W 
114 411508 Aomar 20 km W 
122 411519 Bouira 5 km E 
444 411520 Bouira 17 km E 
526 411544 Oran 6 km E 
171 411558 Tiemcen 39 km E 
129 411542 Nedioma 5 km W 
200 411548 Sidi Bel Abbes 12 km IW 
149 411547 Sidi Bel Abbes 8 km E 
506 411546 S ai da 30 km E 
347 411534 Mascara 
134 
Id. no. P.I. no. Site Location 
Origin; Ethiopia 
176 411^60 Asmera 20 km S 
291 411586 Asmera 10 km S 
231 411608 Asmera 24 Ion SE 
174 411692 Dekemhare (Maraba) 18 km SE 
165 411619 Dekemhare 58 km SE 
69 411643 Senafe 1 km S 
180 411649 Senafe 20 km S 
115 411656 Wikro 2 km S 
25 411634 Mekele 38 km W 
32 411630 Kwiha 5 km S 
50 411593 Asmera 8 km SE 
253 411615 Cadu Scheme 
48 411569 Asmera 4 km S 
44 411642 Mekele 52 km W 
386 411614 Asmera 8 km SE 
249 411580 Asmera 20 km S 
Origin; Sardinia 
426 324763 Castel Sardo 9 km-W 
269 324758 Monastir 
244 324757 Cagliara 20 km KE 
510 324761 S as sari 5 km NV/ 
394 324759 Between Sardara 
and Sanluri 
Origin; Syria 
370 412312 Aphamee Ruins 
147 412313 Damascus 10 1cm S 
365 412320 Damascus 20 km W 
500 412321 El Keswe 
175 412325 Hassie 
1 412328 Horns 10 km S 
183 412332 Kalet-El-Madeik 
508 412335 I.îaarret 2 km E 
270 412331 Homs 10 km N 
220 412330 Homs 10 km S 
72 412323 El Desvve 
430 412334 Kalet-El Kadeik 
255 412329 Homs 10 km S 
490 412325 Hassie 
483 412327 Hialin 
135 
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324747 Halfway "betv;een 
Palma & Licata 
324755 Near Paterne 
324756 Via 192 Paterne 
324750 Prioto 
324745 Travia 
10 km S 
4 km E 




























































:d. no. P.I. no. Site Location 
Orii^in: Greece 
2 411663 Athens New Airport 
23 411665 Mycenae 
55 324719 Athens 29 km SE 
504 324722 Naousa 
155 324716 Athens 
135 411667 Mycenae 
Origin: Morocco 
4-96 412295 Rabat Cheliah 
391 412267 Khemisset 25 km E 
372 412310 Tiflet 22 km S 
273 412270 Khemisset 
91 412266 Khemisset 10 km SW 
428 412268 Khemisset 20 km E 
332 412269 Khemisset 20 Ion E 
442 412276 Maazi z Garbage Dump 
363 412272 Lake Roumi 
293 412273 Lake Roumi 5 Ion SE 
336 412254 El Gara 10 km NE 
84 412253 El Gara Town 
107 412247 Ain El Aouda 15 km SE 
28 412274 Maazi z 25 km SW 
542 412275 Maazi z Garbage Dump 
368 412287 Me 11 ah 
24 412301 Sidi-Kacem 1 km S 
448 412300 Sidi-Kacem 20 km N 
172 412299 Sidi-Kacem 20 km N 
227 412284 Mechra-Bel Ksiri 5 km S 
346 412303 Souk-Tleta Du-•Rharb - 2 km W 
243 412285 Meknes 12 km N 
151 412304 Souk-Tleta Du-Rharb 2 km S 
184 412309 Taza 10 km W 
305 412302 Souk-Tleta Du-Rharb 2 km W 
449 412308 Taza 8 Ion N 
321 412249 Azrou 40 km SW 
88 412283 Marrakesh Res. Sta. 
383 324829 Ouïmes 
24o 324824 Tangier 
324 324822 Tangier 
128 324830 Ouïmes 







































10 km N 412293 Kasser-Amane 
412291 Nasser-Amane 10 km N 
412290 Nasser-Amane 10 km S 
412288 Mrirt 1 km W 
412261 Fes 8 km E 
412259 Fes 5 km E 
412252 Bouznika 2 km SW 
412255 El Louizia 5 km N 
412311 Tit-Fiellil 2 km S 
412298 Settat 10 km S 
412306 Tahanoute 5 km S 
412282 Marrakech 20 km S 
412281 Marrakech 2 km S 
412280 Marrakech 2 km N 
412279 Marrakech 12 km N 
412278 Marrakech 20 km N 
412277 Marrakech 45 km N 
412258 El-Kelaa-Des-Srarhna 2 km N 
412294 Oved-Zem 10 km N 
412264 Kasba-Tadla 25 km SW 
412297 Rommani 10 km S 
412296 Romraani 25 km S 
412292 Nasser-Amane 10 km N 
Origin; Israel 
309127 Magen Northern Negev 
287219 Nahal Oz Western Negev 
309272 Erez Southern 
Coastal Plain 
32O837 Zigiin Southern 
Coastal Plain 
298190 Gevim 
309052 Bit ha Northern Negev 
309123 Eshbol Northern Negev 
309278 Mavgi•'im Southern 
Coastal Plain 
320771 S. of Udim Central 
(N. Poleg) Coastal Plain 
309340 Ashdod Central 
Coastal Plain 
317965 Ammigam Plateau of 
Menashe 
138 
Id. no. P.I. no. Site Location 
Israel (continued) 
367 298270 Mivhor 
$32 309033 Ruhama Northern Negev 
52 309044 BetQama Northern Negev 
164 309380 Palmahim Central 
Coastal Plain 
85 309336 BetGamliel Central 
Coastal Plain 
223 309344 Hazav Southern 
Coastal Plain 
411 309348 Kefar-Ahim Southern 
Coastal Plain 
100 309356 S.hetulim Southern 
Coastal Plain 
393 309398 BetGamliel Central 
Coastal Plain 
461 309407 Shafir Southern 
Coastal Plain 
329 287214 Kfar Shalem Central 
Coastal Plain 
105 287221 Moledat Central 
Coastal Plain 
390 295901 Rehovot Greenhouse 
433 309021 Shefayim Central 
Coastal Plain 
207 309024 Herzliyya 
103 309299 Devira Judean 
Foothills 
204 309315 Lahav Judean 
Foothills 
326 309322 Lakhish Judean 
Foothills 
381 320845 West of Etan Southern 
Coastal Plain 
463 309327 Rishon Le Zion Central 
Coastal Plain 
460 309370 Mackeret Batya Central 
Coastal Plain 
514 309431 Bazra 
74 32080I Haruvit Judean 
Foothills 
342 320841 Gat Southern 
Coastal Plain 
264 309422 Pardes Hanna Central 
Coastal Plain 
265 309436 Nahsholim Coast of Carmel 
432 309475 Giv'at Hayyim Central 
Coastal Plain 
139 
Id. no. P.I. no. Site Location 
Israel (continued) 
9 309598 Bar'am Upper Galilee 
187 311607 Haltoerim Coast of Carmel 
205 3I8OOI Binyamina Coast of Carmel 
369 320815 Amazia Judean 
Foothills 
7 309447 Ahuzzam Mt. Carmel 
13 282733 Bat Galim Haifa Bay 
320 3208I8 Qastal Judean Mtns. 
274 282732 E. of Hadera Central 
Coastal Plain 
350 282736 Zichron Ya'akoo Mt. Carmel 
194 287215 PetahTikua Central 
Coastal Plain 
111 318253 KafarHasidim Haifa Bay 
169 309170 Nahshon Judean 
Foothills 
95 309392 Sha'alvim Samarian 
Foothills 
236 298139 Demona 
130 309075 Akko Coast of 
Galilee 
166 309438 Regavim Plateau of 
Menashe 
3O8 309557 Bahan Central 
Coastal Plain 
295 3I8254 KefarHasidim Haifa Bay 
8 309231 Kefar Tavor Eastern Lower 
Galilee 
403 296245 Nesher Haifa Bay 
313 287211 Ma* anit Hills of 
Samaria 
181 292555 Gonen Hula Valley 
229 287227 Megido Valley of 
Esdraelon 
214 292557 Shelomi Galilee Coast 
395 309601 Segev Lower Galilee 
3 320802 Haruvit Judean 
Foothills 
222 298199 Matsuba 
211 282731 Sands of Hadera Central 
Coastal Plain 
230 309561 Bahan Central 
309262 
Coastal Plain 
232 Maghar Eastern Lower 
Galilee 
304 287225 Nesher Mt. Carmel 
140 
Id. no. P.I. no. Site Location 
Israel (continued) 
108 287217 KfarHahoresh Lower Galilee 
203 292558 Elon Upper Galilee 
142 296247 HaSolelin Lower Galilee 
226 309193 Afula Valley of 
Esdraelon 
116 287226 Tel Aviv Central 
Coastal Plain 
56 282740 Eilaboon Central Galilee 
481 287228 Ein-Dor Lower Galilee 
131 295903 Elgosh Upper Galilee 
301 296235 Deir-Hanna Lower Galilee 
104 309204 Nurit Mt. Gilboa 
63 282735 Kalkia Upper Galilee 
93 295925 Amirim Upper Galilee 
127 298151 Yeruham 
384 296250 Lavi Eastern Lower 
Galilee 
l4l 304248 Gazit Eastern Lov/er 
Galilee 
125 282739 Yiftah Upper Galilee 
132 287218 Afikim Jordan Valley 
234 295907 Gadot Korazim 
15 309146 Gesher BetShean Valley 
6 298225 Kamat Naphtaly 
92 298233 Ramat Naphtaly 
289 298263 Ami ad 
280 309419 Migwe Yisrael Central 
Coastal Plain 
471 309155 Afigim Lake of Galilee 
440 295924 Kahf Upper Galilee 
421 309103 Netiv-Nalamedfle Judean 
Foothills 
233 298163 Beersheba Trip 
484 296252 Nazerzt Illit Lower Galilee 
422 309073 Beer Sheva N. Negev 
4o6 309420 PardesHanna Central 
Coastal Plain 
141 
Id. no. P.I. no. Site Location 
Origin; Turkey 
14 412418 Adana 15 km W 
140 414421 Adana 25 km E 
40 412423 Adiyaman 15 km SE 
31 412426 afyon 55 km NE 
42 412427 Aksaray 
16 km E 35 412428 Akyurt 
215 412435 Anamur 40 km W 
86 412441 Ankara 40 Ian W 
192 412443 Ankara 24 km NE 
64 412444 Antalya 10 km N 
202 412446 Antalya 35 km NE 
374 412457 Antalya 40 km NE 
213 412462 Antaly 
163 412468 . Araban 
352 412478 Asklepion Ruins 
46 412480 Ayas 
512 412487 Besni 10 km W 
486 412451 Antalya 35 km NE 
451 412471 Araban 2 km E 
22 412489 Bovabat 12 km NW 
281 412490 Bovabat 6 km NV/ 
315 412494 Cankiri 22 km S 
435 412496 Cizre 3 km E 
402 412438 Anamur 40 km W 
303 412498 Davultere 
530 412426 Elazig 10 km SE 
434 412536 Erzincan 
456 412542 Fevzipasa 
527 412565 Golbasi 10 km Vf 
502 412570 Hafik 5 km W 
472 412552 Gaziantep 6 km E 
464 412555 Gaziantep 18 km N 
133 412586 Islahiye 8 km SE 
81 412592 Istanbul Dump 
241 412595 Izmir Citadel 
375 412605 Kandira 
288 412609 Karakeci 25 km S 
121 412597 Izmit 20 km W 
282 412617 Kirkhan 
354 412620 Kiyildere 
453 412623 Kaden 10 km NW 
341 412626 Malatya Agr. School 
182 412634 Mersin 
364 412643 Musa Dag 
260 412645 Osmaniye 30 km E 
62 412653 Sari z 
252 412656 Sereflikochisar 28 km NW 
142 































































































































20 km N 
20 km NE 
10 km S 
7 km W 
4 km S 
Just W 
10 km N 
4 km S 
25 km SW 
10 km N 
15 km N 
20 km N 
30 km N 
38 km S 
2 km N 
12 km W 
16 km E 
20 km E 
8 km N 
25 km E 
2 km N 
30 km E 
35 km E 
40 km E 
42 km E 
50 km E 
60 km E 
65 km E 
35 km SW 
25 km SW 
5 km N 
25 km SW 
35 km SW 
13 km S 
10 km S 
















411852 Kermanshah 70 km E 
411855 Kermanshah 62 km E 
411862 Kermanshah 48 km E 
411868 Kermanshah 22 km N 
411872 Kermanshah 35 km N 
411874 Kermanshah 55 km N 
411877 Kermanshah 70 km N 
411883 Mahmoud-Abad 2 km E 
411887 • Sanandadj 60 km S 
411893 Sanandaz 45 km S 
411875 Sanandadj 30 km S 
411913 Shah Abad 48 km S 
Origin; Lebanon 
396 412207 Baalbek 20 km S 
505 412218 Beirut Starco Bldg. 
154 412211 Beirut 10 km S 
272 412214 Beirut Beau Rivage 
425 412222 Fidar 
445 412225 Halba 10 km N 
20 412221 Dahr-El-Bairdar 7 km E 
206 412227 Jebail Ibybail Lower Level 
29 412232 Jebail Ibybail 20 km N 
51 412228 Jebail Ibybail Seashore 
26 214433 Kafor Suron 
167 412237 Kousba 
330 412244 Tell Abbas 
30 412239 Safra 
465 412240 Saida Isidoni 10 km S 
392 412243 Tall Abbas 
250 412245 Tripoli 5 km N 
65 412215 Beirut Beau Rivage 
292 412242 Saidh Isidoni 10 km K 
34 412216 Beirut Pigeon Cove 
101 412230 Jebail Ibybiosi 10 km N 
33 412208 Baalbek 10 km S 
144 
Id. no. P.I. no. Site Location 
Origin} Iraq 
208 411970 Arbil 20 km S 
535 411971 Baghdad 40 km SE 
447 411975 Baghdad 6 km N 
487 411979 Baghdad 60 km N 
294 411980 Baghdad 120 km N 
71 411988 Dohuk 2 km N 
245 411998 Hamdaniya 30 km E 
83 411999 Hatra 5 km S 
82 412003 Mosul 20 km W 
49 214007 Mosul 20 km W 
12 412012 Mo sul 50 km W 
27 412017 Mo s ul 40 km N 
361 412020 Mosul 75 km N 
410 412021 Mosul Ninivah Nargal Gate 
90 412031 Sinjar 5 km E 
73 412037 Tallafar 5 km W 
152 412038 Tallafar 40 km W 




Appendix B-1. Frequency distributions of flag-leaf lengths 
for A. sterilis collections from several 
countries 
Country 









1 8 . 9  
1 9 . 0 -
2 0 . 9  
2 1 . 0 -
2 2 . 9  > 2 2 . 9  
Algeria - 1 2 . 8  2 3 . 3  19.2 2 7 . 7  10.6 6 . 4  
Ethiopia - - 1 8 . 7  4 3 . 8  2 5 . 0  1 2 . 5  -
Tunisia 2 . 8  11.1 11.1 36.1 2 5 . 0  5.6  8 . 3  
Turkey 7 . 3  10.9 29.1 1 4 . 5  1 2 . 7  10.9 1 4 . 5  
Israel 2 . 0  8 . 2  2 6 . 5  3 0 . 6  2 4 . 5  6.1 2 . 0  
Iran 6 .  ^  1 0 . 9  2 3 . 9  3 4 . 8  8 . 7  10.9 4 . 3  
Korocco - 12.7 41.8 21.8 20.0 1.8 1 . 8  
Sicily 8 . 3  8 . 3  4 1 . 7  8 . 3  2 5 . 0  8.3 -
Libya - 3 1 . 6  21.1 4 2 . 1  5 . 3  - -
Italy - 2 8 . 6  4 2 . 9  - 2 8 . 6  - -
Iraq 1 1 . 1  2 7 . 8  16.7 2 2 . 2  1 1 . 1  5. 6 5 - 6  
Greece - 20.0 16.7 3 3 . 3  - - « 
Sardinia - 4 0 . 0  4 0 . 0  20.0 - - -
Lebanon 18.2 4 0 . 9  1 8 . 2  9 . 1  1 3 : 6  - -
Syria 2 0 . 0  3 3 . 3  1 3 . 3  3 3 . 3  — — — 
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Appendix 3-2. Frequency distributions of flag-leaf widths 















Iran 2.2 17.4 28.3 3 2 . 6  8 . 7  10.9 
Tunisia 8.3 8.3 47.2 16.7 19.5 -
Algeria - 2 9 . 8  2 9 . 8  31.9 8.5 -
Italy 14.3 - •57.1 14.3 14.3 -
Turkey 5.4 18.2 40.0 20.0 10.9 5.4 
Ethiopia 6 . 2  12.5 50.0 25.0 6 . 2  -
Sardinia - 20.0 60.0 20.0 
- -
Israel 5.1 25.5 44.9 21.4 3.1 -
Morocco 3.6 2 3 . 6  5 0 . 9  2 8 . 2  3.6 -
Sicily - 25.0 66.7 8.3 - -
Greece - 50.0 33.3 16.7 - -
Libya - 42.1 47.4 10.5 - -
Lebanon 9.1 45.5 31.8 13.6 - -
Iraq 2 7 . 8  33.3 2 7 . 8  5. 6 - 5.6 
Syria 13.3 40.0 46.7 — 
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Appendix B-3. Frequency distributions of growth habits for 




1 3 5 7 9 
Lebanon -
- 45.4 45.5 9.1 
Italy -
- 71.4 2 8 . 6  -
Syria -
-
80.0 13.3 6 . 7  
Libya - 10.5 57.9 2 6 . 3  5.3 
Algeria 6.4 6.4 44. 5 3 6 . 2  6.4 
Tunisia 2 . 8  13.9 44.4 33.3 5.6 
Morocco 1.8 10.9 44.4 33.3 5.6 
Greece - - 100.0 
-
-
Israel 3.1 9.2 64.3 17.3 6.1 
Sardinia 
- - 100.0 
- -
Turkey 7.3 20.0 49.1 2 0 . 0  3.6 
I rail 6. 5 15.2 71.6 6.5 -
Sicily - 33.3 41.7 2 5 . 0  -
Iraq 11.1 27.8 33.3 2 2 . 2  5.6 
Ethiopia 31.3 25.0 43.7 
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Appendix B-4. Frequency distributions of plant heights for 




<70 70-80 81-90 91-100 101-100 >110 
Turkey 3.6 - 21.8 29.1 3 2 . 7  13.7 
Ethiopia - 6 . 2  12.5 50.0 31.3 -
Israel 1.0 4.1 2 8 . 6  3 0 . 6  27.6 8 . 2  
Iran 2.2 6. 5 23.9 32.6 2 6 . 1  8.7 
Greece - - 16.7 66.7 1 6 . 7  -
Sardinia - - 2 0 . 0  80.0 - -
Lebanon - 4.5 31.8 36.4 2 7 . 3  -
Sicily - 8.3 16.7 75.0 - -
Morocco 5.4 10.9 29.1 32.7 16.4 5' 5 
Syria 13.3 13.3 33.3 6.7 3 3 . 3  -
Italy - 14.3 2 8 . 6  42.9 14.3 -
Algeria 4.3 29.8 25.5 19.2 19.1 2 . 1  
Tunisia 2.8 19.4 50.0 1 6 . 7  11.1 — 
Libya 10.5 15.8 47.4 2 6 . 3  - -
Iraq 2 2 . 2  2 2 . 2  2 2 . 2  27.8 5.6 — 
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Appendix B-5» Frequency distributions of caryopsis lengths 










8 . 9  
9.0-
9.9 >9.4 
Algeria - - 6.4 25.5 38.3 2 9 . 8  
Sardinia - - - 20.0 60.0 20.0 
Italy 14.3 - - 14.3 42.9 28.5 
Sicily 8,3 - - 8.3 41.7 41.7 
Tunisia - 2 . 8  16.7 19.4 41.7 19.4 
Libya - 5-3 21.0 15.8 42.1 15.8 
Morocco - 7.3 2 1 . 8  34.6 25.4 10.9 
Israel 2.0 11.2 2 9 . 6  31.6 21.4 4.1 
Le banon 4.5 9.1 45.4 18.2 22. 7 -
Iran 15.2 13.0 2 8 . 3  23.9 10.9 8.7 
Ethiopia - 31.2 31.2 37.5 - -
Turkey 10.9 2 3 . 6  27.3 25.4 10.9 1.8 
Greece 16.7 33.3 16.7 16.7 1 6 . 7  -
Iraq 22.2 22.2 11.1 27.8 16.7 -
Syria 13.3 33.3 33.3 20.0 — 
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Appendix B-6. Frequency distributions of caryopsis widths for 













2 .3  
2.4-
2 .6  
Sicily - - 8 . 3  66.7 16.7 8 . 3  
Algeria - - 33 .4  55 .3  17.0 4 .3  
Morocco - 5"  5  12.7 56 .4  23 .6  1.8 
Tunisia 2 .8  - 25 .0  47.2 19.4 5.6 
Sardinia - - 20.0 80.0 - -
Ethiopia - 6 .2  50.0 25.0 18 .7 -
Israel - 4.1 36 .7  55.1 3.1 1.0 
Italy 14 .3  - 14 .3  57.1 14.3 -
Turkey 1.8 9.1 43.6 32 .7  10.9 1.8 
Libya - 10.5 3 6 . 8  52. 6  0 -
Iran 4.3 10.9 47.8 28 .3  4. 6 4.0 
Lebanon 9.1 13.6 40.9 31.8 4.5 -
Syria - 33 .3  46.7 20.0 - -
Iraq 23.8 27.8 33 .3  11.1 - 4.0 
Greece 16.7 33 .3  50.0 — — 
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Appendix B-?. Frequency distributions of numbers of spikelets 
per panicle for A. sterilis collections from 
several countries 
Country Class interval 
of 
origin <15 15-19 20-24 25-29 30-34 35-39 >39 
Iran - 2.2 4.4 2.2 8.7 19.5 6 3 . 0  
Turkey - • — 1.8 21.8 14.5 18.2 43.6 
Greece - - - 50.0 16.7 33.3 — 
Syria - 6.7 13.3 33.3 20. 0 6.7 20.0 
Ethiopia - - 18.7 25.0 31.2 18. 7 6 . 2  
Iraq - 11.1 33.3 22.2 11.1 11.1 11.1 
Lebanon - 20.0 - 60.0 20.0 - -
Tunisia 2.8 11.1 47.2 25.0 11.1 - 2.8 
Italy - 14.3 42.9 28.6 14.3 - -
Israel 2.0 24.5 50.0 14.3 5.1 2.0 2.0 
Morocco 3.6 32.7 30.9 18.2 14.5 - -
Libya 5.3 26.3 42.1 17.9 10.5 - -
Algeria 12.8 2 9 . 8  34.0 12.8 8.5 2.1 -
Sicily 33.3 33.3 16.7 16.7 — — — 
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Appendix B-8. Frequency distributions of 10-caryopses weights 















Sardinia - - - 40.0 40.0 20.0 
Sicily - 8.3 8.3 25.0 25.0 33.3 
Tunisia - 11.1 25.0 13.9 30.5 19.4 
Algeria - 14.9 19.1 19.1 19.1 27.7 
Morocco 9.1 11.8 25.5 16.4 23.6 14.5 
Italy 14.3 - 42.9 14.3 - 2 8 . 6  
Israel 10.2 23.5 2 6 . 5  25.5 13.3 1.0 
Libya 5.3 21.0 42.1 21.1 10.5 -
Turkey 14.5 25.5 27.3 18.2 7.3 7 . 3  
Iran 15.2 34.8 2 6 . 1  19.6 - 4.3 
Ethiopia 
- 56.2 31.2 12.5 -
Lebanon 33.3 13.6 33.3 19.2 - -
Greece 33.3 33.3 16.7 - 16.7 -
Iraq 33.3 33.3 16.7 5.6 5" 6 5.6 
Syria 33.3 33.3 33.3 — — — 
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Appendix B-9. Frequency distributions of groat-protein per­















2 6 . 0 -
27.9 >28.0 
Iraq - 5.6 1 6 .  7  33.3 12.2 16.7 5.6 
Libya - - 31.6 3 1 . 6  21.1 10.5 5.3 
Italy - - 2 8 . 6  42.9 14.3 - 14.3 
Iran 2.2 10.9 17.4 3 2 . 6  2 1 . 7  1 3 . 0  2.2 
Syria - 6.7 33.3 40.0 13.3 - 6 . 7  
Ethiopia - - 37.5 31.2 31.2 - -
Israel - 6.1 2 9 . 6  45.9 15.3 3.1 -
Lebanon - - 31.8 54.5 13.6 - -
Algeria 2.1 4.3 34.1 42. 5 14:9 2.1 -
Turkey - 16.4 2 9 . 1  30.9 14.5 3.6 5.5 
Sardinia - - 6 0 . 0  2 0 . 0  2 0 . 0  - -
Morocco 1.8 3.6 36.4 45.5 9.1 3.6 -
Greece 
-
- 33.3 66. 7 - - -
Tunisia - 11.1 33.3 44.4 11.1 - -
Sicily - 16.7 2 5 . 0  58.3 — __ — 
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Appendix B-10. Frequency distributions of straw-protein per­

















Sardinia - - - 60.0 - 40.0 -
Italy - - 42.9 14.3 14.3 2 8 . 6  -
Iran 2.2 10.8 13.0 34.8 26.1 13.0 -
Iraq - 11.1 44.4 16. 7 16.1 5.6 5.6 
Libya - 21.1 5.3 6 3 . 2  11.5 - -
Lebanon - 13.6 36.4 27.3 18.2 4.5 -
Turkey 5.4 16.4 29.1 2 3 . 6  21.8 1.8 1.8 
Sicily - 16.7 41.7 33.3 - - 8.3 
Morocco - 1 6.4 41.8 30.9 9.1 1.8 -
Tunisia 2 . 8  16.7 38.9 27.8 8.3 5.6 
Syria - 16.7 40.0 20.0 6.7 - 6.7 
Greece 16.7 16.7 33.3 16.7 1 6 .7 - -
Algeria 4.3 17.0 6 1 .7 6.4 8.5 2.1 -
Israel 3.1 34.7 44.9 14.3 1.0 2.0 -
Ethiopia 6.3 31.2 37.5 25.0 — — — 
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Appendix B-11. Frequency distributions of groat-oil percent­
















8 . 9  > 8 . 9  
Israel - 6.1 7.1 20.4 25.5 26.5 14.3 
Ethiopia - - 12.5 31.2 43.7 12.5 -
Algeria - 17.0 12.8 31.9 8.5 17.0 12.8 
Morocco 7.3 7.3 10.9 2 3 . 6  25.4 18.2 7.3 
Tunisia - 2 . 8  2 2 . 2  38.9 19.4 16.7 -
Syria 13.3 6.7 13.3 13.3 26.7 13.3 13.3 
Iraq 11.1 5.6 11.1 22.2 22.2 16. 7 11.1 
Sicily 
- 16.7 25.0 33.3 16.7 - 8 . 3  
Turkey 9.1 9.1 18.2 2 3 . 6  21.8 9.1 9.1 
Libya 10.5 5.3 10.5 47.4 15.8 - 10.5 
Italy 41.3 14.3 14.3 28.6 - 28.6 -
Lebanon 13.6 18.2 18.2 27.3 18.2 4.5 -
Iran 10.9 19.6 23.9 26.1 15.2 4.3 -




Greece 33.3 16.7 16.7 16.7 16.7 — 
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Appendix B-12. Frequency distributions of heading dates for 









Lebanon - 4.6 31.8 2 7 . 3  31.8 ,4.5 
Iran 2 . 2  17.4 19.6 34.8 19.5 6.5 
Turkey 1.8 20.0 30.9 21.8 16.4 9.1 
Italy - 28.5 14.3 14.3 42.9 
Greece - 16.7 16.7 6 6 . 7  - -
Sardinia - - 40.0 60.0 - -
Syria - 6 . 7  66.7 20.0 6 . 7  -
Tunisia 5. 6 25.0 44.4 25.0 - -
Morocco 1.8 43.6 34.5 14.5 •3.6 1.8 
Algeria 10. 6 34.0 34.0 17.0 4.3 -
Iraq 27.8 33.3 2 2 . 2  16.7 - -
Sicily 16.7 58.3 8 . 3  16.7 - -
Libya 15.8 47.4 31.6 5.3 - -
Israel 11.2 64. 3 20.4 4.1 - -
Ethiopia • 31.2 56.3 12.5 — 
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Appendix B-I3. Frequency distributions of responses to 
vernalization for A. sterilis collections 




<9 10 - 19 2 0  -  29 3 0  - 39 40 - 49 >49 
Algeria 2.1 6.1 23.4 40.4 19.2 8.5 
Morocco 1.8 9.1 29.1 40.0 16.4 3.6 
Iran 6. 5 13.1 28.3 19.5 15.2 17.4 
Tunisia - 16.7 41.7 13.9 16.7 11.1 
Iraq - 3 8 . 9  27.8 22.2 11.1 -
Iraq - 3 8 . 9  2 7 . 8  22.2 11.1 -
Ethiopia 6.2 43.8 18.8 6.2 18.8 6.2 
Syria 6 . 7  40.0 26.7 13.3 13.3 -
Greece 1 6 . 7  - 50.0 33.3 - -
Libya 5.3 47.4 21.1 15.8 10.5 -
Turkey 43.6 27.3 18.2 5.5 -
Sardinia 20.0 40.0 - 20.0 20.0 -
Lebanon 4.5 45.5 31.8 18.2 - -
Sicily 8.3 5 8 . 3  25.0 8.3 - -
Israel 8 . 2  4 5 . 9  36.7 7.1 1.0 1.0 
Italy 14.3 57.1 14.3 14.3 — — 
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Appendix B-l4. Frequency distributions of responses to photo-

















Ethiopia 12.5 - - 12.5 18.8 37.5 28.8 
Greece 16.7 - - 16.7 33.3 - 33.3 
Libya 10.5 - 15.8 2 6 . 3  2 6 . 3  2 6 . 3  5.3 
Morocco 16.4 7.3 9.1 18.2 23.6 16.4 9.1 
Israel 23.5 11.2 18.4 21.4 14.3 10.2 1.0 
Sicily 8.3 33.3 16.7 25.0 16.7 - -
Italy 28.6 28.3 - 14.3 14.3 14.3 -
Tunisia 25.0 13.9 8.3 36.1 13.9 2.8 -
Syria 60.0 
- 13.3 13.3 6.7 6.7 -
Turkey 63.6 1.8 7.3 7.3 10.9 5' 5 3.6 
Sardinia 60.0 - 20.0 2 0 . 0  - - -
Lebanon 59.1 13.6 9.1 4.5 9.1 4.5 -
Iraq 50.0 27.8 5.5 11.1 - - 5.6 
Algeria 57.5 25.5 .^3 4.3 2.1 2.1 4.3 
Iran 73.9 6.5 2 . 2  4.3 6. 5 4.3 2 . 2  
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Appendix B-I5. Frequency distributions of percentages of 
resistance to races of crown rust for A. 




0 17 33 50 67 83 100 
Sardinia 20.0 20.0 20.0 - 40.0 - -
Israel 39.8 16.3 18.4 7.1 11.2 4.1 3.1 
Italy 42.9 14.3 14.3 - 2 8 . 6  - -
Sicily 6 6 . 7  8 . 3  - - 8.3 1 6 . 7  -
Lebanon 50.0 2 7 . 3  13.6 - 4.5 - 4.5 
Ethiopia 37.5 56.3 - - - 6 . 2  
Algeria 70.2 14.9 6.4 2.1 - 2.1 4.3 
Turkey 72.7 7.3 12.7 3.6 - 3.6 -
Morocco 70.9 18.2 7.3 1.8 1.8 - -
Greece 66.7 33.3 - - - - -
Libya 84.2 10.5 - 5.3 - - -
Syria 93.3 - 6.7 - - - -
Iraq 88.8 5.6 5.6 - - - -
Tunisia 86.1 13.9 - — - - -
Iran 97.8 2.2 — 
I6l 
APPENDIX C 
Appendix C-1. Means of clusters formed among A. sterilis 
collections from each country among 15 traits 
Cluster EL FV/ NS SV7g SV/t SL HD 
Tunisia 
1 17.7 1 . 2  2 6 . 0  142.8 1.9 8.6 2 3 . 0  
2 1 2 . 6  0.9 17.8 161. 5 1.9 9.5 34.5 
3 15.8 1.3 30.1 171.0 2 . 2  9.8 32.7 
4 21.5 1.4 2 2 . 0  185.4 2 . 1  9.3 21.0 
5 20.4 1.1 2 6 . 1  1 6 8 . 0  2 . 0  8 . 9  16.3 
6 17.5 1.1 25.6 1 6 0 . 3  2 . 0  9.1 20.3 
Algeria 
1 17.7 1.0 18.7 153.8 2 . 0  8 . 8  36.3 
2 18.8 1.2 2 4 .  7 131.3 1.9 8 . 8  2 5 . 3  
3 1 8 . 6  1.1 1 6 . 2  193.7 2 . 1  9.6 14.0 
4 20. 7 1 . 2  2 3 . 2  181. 3 2.1 9.4 19.3 
5 2 2 . 2  1.4 24.5 1 9 0 . 5  2 . 2  9.5 16.4 
Ethiopia 
1 20.4 1.3 29.3 133.3 1.9 8.4 1 0 . 0  
2 17.4 1.1 30.5 1 2 2 . 3  1.9 8 . 0  1 1 . 8  
3 17.3 1.0 30.4 1 2 7 . 6  1.9 8 . 3  16.2 
Sardinia 
1 16.4 1.0 23.8 192.0 2.0 9.4 21.5 
2 15.0 1 . 2  29.0 172.0 2.1 9 . 0  3 3 . 7  
PL = flag-leaf length, FW = flag-leaf width, NS = number 
of spikelets per panicle, SWg = 10-caryopses weight, SV/t = 
width of caryopsis, SL = length of caryopsis, HD = date of 
heading, GP = groat-protein percentage, SP = straw-protein 
percentage, VR = response to vernalization, FH = plant height, 
GH = growth habit, GO = groat-oil percentage, PhR = response 
to photoperiod , Pi< = percentage of resistance to races of 
crovm rust. 
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GP SP • VR PH GH GP PhR PR 
21.8 7.4 35.8 85.8 7.3 8.3 -0.3 0 
25.0 5.5 30.5 62.0 4.5 8.0 -1.5 0 
2 2 . 8  7.5 17.7 97.3 6.0 7.4 -0.5 0 
20.4 7.6 27.0 8 7 .0 4.4 7.9 -1.5 3 . 4  
2 2 . 8  5.9 23.0 101.7 3.0 7.5 - 0 . 7  1 1 . 3  
21.7 7.1 44.3 8 3 . 8  5.3 7.8 -1.6 0 
24.3 7.7 29.8 74.8 8.0 7.0 - 2 . 8  8.3 
21.5 6.5 37.0 84.2 7.8 7.6 -3.8 5 . 7  
22.7 6.0 40.6 90.4 5.4 8.3 -3.4 0 
22.5 6 . 1  27.3 99.0 5.3 7.9 -1.6 7 0 . 8  
21.4 6 . 2  38.5 99.6 3.4 8 . 2  - 1 . 9  6.4 
23.1 5.3 16.0 92.3 2.7 8 . 0  1.5 17.0 
22.3 5.9 2 0 . 0  100.8 1.3 8 = 5 2 . 0  12.8 
24.6 6.8 2 3 . 8  93.4 4.0 7.8 2.7 10.2 
2 1 . 3  7.2 13.0 94.0 5.5 7.3 -3.5 42.0 
2 2 . 9  8.7 2 6 . 0  94.0 5.0 7.1 -1.5 33.3 
Appendix C-1. (Continued) 
Cluster FL FW NS SWg SWt SL KD 
Syria 
1 18.1 1.2 27.4 132.5 2.0 8.3 23.0 
2 16.1 1.1 44.8 98.0 1.8 7.7 25.5 
3 16.9 1.0 38.7 124. 3  1.7 8.1 24.0 
4 12.7 0.8 2 5 . 6  81.7 1.7 7.8 3 6 . 0  
Italy 
1 15.2 0.9 2 7 . 9  111.5 1.8 8.1 3 8 . 0  
2 16.9 1.2 20.5 203.5 2.2 9.9 17.0 
3 18.0 1.3 22.2 152.5 2.1 9.4 30.0 
Sicily 
1 17.5 1.1 15.2 199.3 2.2 9.6 11.2 
2 1 3 . 8  1.0 21.6 1 3 6 . 5  2.0 7.3 33.5 
3 17.6 1.0 21.1 171.5 2.0 9.4 17.5 
Libya 
1 16.6 1.0 18.2 141.8 1.8 9.4 14.2 
2 . 17.3 1.0 26.0 1 2 8 . 7  1.9 8.5 15.8 
Morocco 
1 18.5 1.0 26.8 108.0 1.8 8 . 3  23.7 
2 16.0 1.0 26.7 144.0 2.0 8.6 25.8 
3 19.4 1.0 21.5 135.3 2.1 8.2 19.3 
4 16.5 0 . 9  24. 7  161.3 2.1 8.4 17.0 
5 16.8 1.0 25.9 142.8 2.0 8 . 5  35.3 6 14.6 0 . 9  19.9 159.8 2.1 9.1 30.0 
7 1 6 . 9  1.1 18.0 202.0 2.0 9.1 17.4 
8 1 9 . 6  1.2 18.4 187.6 2.3 9.4 14.1 
Greece 
1 14.7 1.0 3 1 . 6  115.7 1.7 8.1 32.3 
2 15.7 1.1 33.8 123.5 1.6 8.0 2 3 . 5  
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GP SP VR PH GH GO PhR PR 
22.3 6.1 18. 5 105.0 6.0 7.9 -3.8 0 
24.1 6 . 2  16.5 83.5 5.5 7.2 - 2 . 3  0 
21.1 6 . 2  2 6 . 0  102.7 6.0 8.4 1.2 0 
25.8 9.3 2 8 . 0  6 8 . 3  6 . 7  6.5 - 2 . 3  0 
26.7 9.1 22.0 77.0 7.0 6.5 2 . 0  8 . 5  
21.2 6.5 10.5 94.5 5.0 8 . 2  -1.5 16.5 
21.7 8 . 7  20.5 8 7 . 5  7.0 7.9 -3.3 33.5 
21.7 6.6 17.7 9 6 . 2  2.8 7.7 -0.3 27.8 
2 2 . 8  9.0 30.5 78.5 7.0 7.0 -1.5 41.5 
21.7 6 . 9  18.0 9 6 . 5  6.5 7.9 -3.0 0 
23.0 7.7 2 2 . 8  79.8 6 . 0  8.0 0.3 3.4 
24.7 7.5 17.3 82.5 7.2 7.3 1.3 0 
23.1 7.3 32.7 82.0 7.0 7.9 2 . 2  0 
23.2 6 . 3  34.0 104.3 5.5 7.1 -0.9 41.8 
21.4 6.7 33.3 95.0 5.3 7.8 1.4 0 
23.1 6 . 0  34.3 107.5 3.5 8.4 1.6 12.8 
24.4 7.6 2 8 . 2  8 0 , 5  7.7 6 . 7  - 0 . 3  0 
21.0 7 . 6  25.6 85.0 7 . 6  8.3 1.7 3.4 
21.3 7.8 25.6 88.4 3.0 8.4 1.4 6.8 
22.0 6.1 36.5 95.9 3.9 8.3 0.3 8.4 
23.0 6.8 24.0 9 2 . 0  6.0 6.6 1.7 0 
21.8 7.0 19.6 95.0 5.0 7.2 -1.0 8.5 
Appendix C-1. (Continued) 
ister FL NS SWg swt SL . KD 
Israel 
1 14.7 0 . 8  22.8 121.9 1.9 8.3 22.1 
2 16.7 1.0 22. 6 108.0 1.8 8.1 15.8 
3 16.7 1.0 18.2 149.6 1.9 8.7 15.7 
4 2 0 . 8  1.3 34.3 134.3 1.9 7.9 20.2 
5 19.4 1.2 21.7 151.9 2.0 8.5 14.8 
6 20.3 1.1 23.3 149.0 1.9 8.9 14.8 
7 17.3 1.1 19.9 153.7 2.0 9.0 11.9 
8 19.1 1.1 2 6 . 3  150.8 2.0 9.2 20.3 
9 17.1 1.1 21.0 166.9 2.1 8 . 7  15.1 
Turkey 
1 23.5 1.4 43.2 165.1 2.1 8 . 6  15.7 
2 20.2 1.2 45.8 152.8 2.0 8.5 20.0 
3 22.5 1.4 63.1 137.6 1.8 7.9 2 2 . 6  
4 15.4 1.1 35.6 147.0 2.0 8.2 33.2 
5 15.0 1.0 33.2 94.8 1.7 7.4 43.7 
6 14.7 1.0 38.7 106.9 1.8 8.2 48.9 
Iran 
1 16.7 1.2 65.9 125.0 1.9 7.7 44. 5 
2 19.4 1.2 57.4 123.6 1.9 8.4 34.2 
3 1 7 . 6  1.2 43.1 126.8 1.9 8 . 7  40.8 
4 14.0 1.1 33.4 107.3 1.9 7.1 3 2.2 
5 18.8 1.3 36. 8 154.6 2.1 9.2 15.6 
Lebanon 
1 14.0 1.1 31.9 114.5 2.0 7.8 36.8 
2 12.5 0.8 24.9 145.5 1.9 8.4 40.3 
3 18.5 1.1 25.3 155.8 2.0 8.7 24:3 
4 13.9 1.0 30.1 8 9 . 0  1.6 8.2 45.7 
Iraq 
1 20.6 1.5 37.9 161.5 2.2 8 . 7  11.0 
2 16.7 0.9 25.1 129.3 1.8 8.4 10.7 
3 16.1 0 . 9  32.6 111.0 1.5 7.4 17.3 
16? 
GP SP VR PH GH GO PhR PR 
2 3 . 8  6 . 2  16.4 81.9 8 . 3  7.9 1.4 10.5 
2 3.4 6 . 0  2 8 . 2  8 8 . 3  6.5 8.4 1.4 5.7 
2 3 . 2  7.7 18. 3  85.7 6 . 7  7.8 -0.1 14.3 
21.2 6 . 3  19.3 108.2 4.7 7.8 - 2 . 0  18.4 
20.5 6 . 3  19.1 9 8 . 6  4.4 8 . 5  -0.6 6 . 3  
2 2 . 8  6.5 17.0 105.6 2.8 7.9 - 3 . 3  8 3.4 
23.1 5.8 11.7 97.0 4.0 9.0 0.1 5 0 . 0  
22.7 5.3 10.8 103.3 5.8 7 . 6  -1.9 20.8 
22.0 5.9 15.3 95.6 5.1 8 . 5  -1.1 14.3 
20.3 6.1 12.6 104.3 1.9 8 . 3  - 2 . 6  4.7 
19.3 6.6 2 7 . 0  99.8 3.0 9.1 - 2 . 3  0 
21.4 5.7 1 5 . 6  108.4 3.8 7.5 -3.0 6.6 
2 3 . 6  6.4 14.8 105.3 6 . 2  7.3 1.8 8 . 3  
2 3 . 8  7.8 33.2 8 5 . 2  7.3 7.5 -1.8 3 6 . 0  
25.3 8.8 22.4 88.4 6 . 9  6.5 —2.6 0 
23.6 8.0 2 6 . 3  102.8 6 . 3  6.5 -4.0 0 
2 5 . 1  8 . 2  54. 6 96.4 5.8 6 . 5  -3.2 0 
2 5 . 7  8.5 2 7.4 90.0 5.4 7.0 
-3.7 0 
21.3 S.7 39.0 83.7 4.0 7.9 -3.0 0 







2 0 . 5  9 4 . 8  
14.3 93.3 
6 . 3  7 . 8  
7.5 6.6 
6 . 5  7 . 6  
8 . 0  7 . 2  








2 5 . 6  8 5 . 7  
3 0 . 3  7 5 . 0  
2 . 5  6 . 9  
2.4 8.1 
7.3 8.5 
- 3 . 0  0  
-2.0 7.1 
- 3 . 3  0  
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Figure 3« Dendograph showing clusters of A. sterilis collections from Israel 
using 15 traits 
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Figu-re 4. Dendograph showing clusters of A. sterilis collections from Iran 
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Figure 5»  Dendograph showing clusters of A. sterilis collections from Turkey 
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Figure 6. Dendograph showing clusters of A. sterilis collections from Ethiopia 
using 15 triats 
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Figure 7. Dendograph showing clusters of A. sterilis collections from Algeria 
(2; and Libya (9) using 15 traits 
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Figure 8, Dendograph showing clusters of A, sterilis collections from 
















Figure 9. Dendograph showing clusters of A. sterilis collections from 
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Figure 10. Dendograph showing clusters of A, sterilis collections from Syria (5). 
Lebanon (15)f and Iraq (16) using 15 traits 
